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UNITED STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF MINES 
WASHINGTON 25, D. C. 


September 12, 1958 


Hon. Leo A. Hoegh, Director 
Office of Civil and 
Nefense Mobilization 

New GAO Building 
Washington 25, D. C. 


Dear Mr. Hoegh: 


Copies of the Materials Survey-Cadmium, prepared by the 
Rureau of Mines, are being forwarded to your office. 


This report is one of the Materials Surveys to be conm- 
pleted under the terms of the April 15, 1955, agreement between 
the Department of the Interior and the Office of Defense Mobiliza- 
tion which assigned responsibility to Interior for preparation 
and the revision of Surveys covering 45 commodities. The Cadmium 
report is the fifteenth mineral commodity to be surveyed by the 
Bureau of Mines, the first twelve having been prepared under an 
agreement made in 1950 with the National Security Resources Roard. 


Manuscript revisions proposed by reviewing officials 
of the Office of Defense Mobilization have been incorporated in 
the Survey. 


Sincerely yours, 


hie wt nll 


Acting Director 
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Foreword 


The Materials Survey series is being prepared to provide comprehensive 
fundamental data on strategic and critical materials required for military and 
essential civilian consumption. The data are for use primarily by Government 
officials responsible for the national security. This volume covers the com- 
modity cadmium. . 

This report was prepared under the general direction of Charles W. Merrill, 
chief, Division of Minerals, Bureau of Mines, United States Department of the 
Interior, and under the direct supervision of Richard H. Mote, chief, Branch of 
Base Metals. 

The element cadmium and its compounds are used in a variety of ways; 
major emphasis is placed on the metal in this work. A cutoff date of December 
31, 1955, has been established for this survey. Information pertaining to later 
periods has not been incorporated. 


CHARLES W. MERRILL, 
Chief, Division of Minerals. 
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CADMIUM’ 


A MATERIALS SURVEY 


BY 
ROBERT L. MENTCH? AND ARNOLD M. LANSCHE? 


Summary and Introduction 


scarce. The entire supply of primary cadmium is recovered as a byproduct, 

concurrently with the treatment of ores of other metals. Development of 
the cadmium industry is attributed to metallurgical improvements in the zinc 
industry; output depends almost wholly upon zinc production. 

Cadmium is a metal of specialized uses where its superior performance 
has developed a strong, expanding demand. The supply, however, has been 
relatively unresponsive to price because of its byproduct nature. Cadmium’s 
outstanding properties would assure it a manyfold greater market if more were 
available at lower prices. 

admium is a soft, malleable, ductile, bluish-white metal. It was dis- 
covered in Germany in 1817, and for 100 years Germany was the only important 
producer. Production in the United States began in 1906; but it was not until 
after World War I that cadmium came into wide use, and the United States 
became the largest producer. 

No ore is mined solely to recover cadmium. The most common mineral, 
greenockite (cadmium sulfide), occurs chiefly as a yellow stain or coating on 
zinc sulfide ores. Cadmium minerals are also found with lead and copper ores 
containing zinc mineralization. Most important zinc deposits in the United 
States contain cadmium in varying quantities. Zinc concentrates containing 
as much as 1 percent cadmium are unusual. 

There are no commercial reserves of cadmium ore anywhere in the world, 
as far as known. The entire output of primary metal is recovered as a by- 
product in smelting and refining zinc-bearing ores; hence, cadmium reserves 
are related to zinc-ore reserves and the cadmium content of such reserves. 

Cadmium metal is recovered from the flue dusts of zinc-concentrate roast- 
ing furnaces and copper- and lead-smelting plants, from zinc collected in distilla- 
tion in zinc retorts, and from the high cadrniuin precipitate obtained in purify- 
ing zinc electrolyte at electrolytic zinc plants. The metal is recovered by a 
variety of methods, most of which include the following steps: (1) Leaching 
the cadmium fume, dust, or residue with sulfuric acid and other reagents; (2) 
filtration; (3) precipitation of cadmium as a sponge by controlled addition of 
zinc dust; and (4) distillation in retorts or sponge leaching and electrolysis. 


(CU scares. 7 is one of the metals apparently destined to remain relatively 


1 Work on manuscript completed April 1958. 
2 Formerly commodity industry analyst; no longer with the Bureau of Mines. 
§ Physical scientist, Bureau of Mines. 
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Cadmium is used chiefly in electroplating, pigments, and low-melting-point 
alloys; about 95 percent of the available cadmium is consumed for these pur- 
poses, and electroplating is by far the principal use. It is also used in long-life 
nickel-cadmium storage batteries and in atomic energy development, where it 
is employed to control the fissionable elements in some nuclear reactors. 

n the electroplating industry cadmium sometimes can be replaced by zinc 
or nickel-chromium. Tin and bismuth may be used in place of cadmium in 
low-melting alloys; in bearings tin is serviceable as a substitute. Lead, zinc, 
and barium chromates can replace cadmium sulfide as a pigment material. In 
nuclear-fission control boron can be used in place of cadmium. 

The United States is the world’s largest producer of cadmium metal, by a 
wide margin; approximately two-thirds of the total world output is produced 
at domestic plants. United States production, however, is not solely from 
domestic materials. It is estimated that, since 1940, about 60 percent of the 

rimary cadmium produced in the United States was of foreign origin, obtained 
rom imported flue dust and imported zinc, lead, and copper ores and concen- 
trates. 

World production of primary metallic cadmium totaled about 17.9 million 
pounds in 1955. World consumption was estimated at approximately 14.3 
million pounds. 

The United States, followed by Mexico, Peru, South-West Africa, Canada, 
Australia, the United Kingdom, Belgium, and Poland, are the leading producers 
of cadmium-bearing raw materials. Mexico and South-West Africa do not 
produce refined metal; cadmium flue dust and concentrates containing cadmium 
are exported to other countries. 

The principal consumers of cadmium are the United States, the United 
Kingdom, France, Germany, Italy, Sweden, Canada, and the U.S. 5S. R. 

The cadmium industry in the United States is composed of primary pro- 
ducers, secondary producers, distributors, and consumers. Primary producers 
supply over 95 percent of the total annual output of cadmium. 

The primary producers of cadmium are, without exception, the leading 
producers of zinc. Eleven companies produce primary metallic cadmium at 
a in the United States; the largest is the American Smelting & Re- 

ning Co. 

Several companies recover secondary cadmium metal and compounds from 
old agent and other alloys and secondary residues. Production is compara- 
tively small. 

Distributors or dealers occupy an important position in the cadmium in- 
dustry. They buy the metal from the primary producers and sell to consumers. 
Some distributors produce cadmium plating salts and provide technical service 
for their customers, who are chiefly electroplaters. 

There are thousands of consumers of cadmium in the United States; most 
of them use relatively small quantities of the metal. The largest group of con- 
sumers is composed of companies that use the metal for electroplating. Bearing 
manufacturers, pigment producers, and solder makers are other major con- 
sumers. 

2 The cadmium industry in foreign countries is similar to that in the United 
tates. 

The United States Government regulated the domestic cadmium industry 
during World War II and during part of the Korean conflict in 1951-52 to 
provide adequate supplies for all essential purposes. Public Law 520, 79th 
rian dire 1946, classified cadmium as a strategic and critical material for 
stockpiling. 
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HISTORICAL REVIEW 


Cadmium was discovered in 1817 by F. Stroh- 
meyer, a professor of metallurgy at Gottingen, 
Germany. Strohmeyer noticed that a sample of 
zinc carbonate from the zinc works of Salz- 
gitter was slightly yellow, although it contained 
no iron. He attributed the color to contamina- 
tion by a new element and found indication of 
its presence in zinc and zinc oxide from other 
nlaces. In 1818, K. S. L. Hermann of Schone- 

while examining a piece of zinc that had 
been rejected because of the formation of a 
yellow precipitate when it was dissolved in acid 
and saturated with hydrogen sulfide (indica- 
tion of arsenic), discovered that a new element 
was the cause. W. Meissner confirmed Stroh- 
meyer’s and Hermann’s discovery of the new 
element. C. J. B. Karsten of Berlin also dis- 
covered cadmium about the same time in Sile- 
sian zinc ores and wanted to call it “melinum” 
from “melinus,” meaning quince, because of the 
yellow color of the sulfide. Other names sug- 
gested were “junonium,” in honor of the dis- 
covery of the asteroid Juno in 1804, and “klap- 
rothium,” in honor of M. H. Klaproth. How- 
ever, Strohmeyer proposed “cadmium” from 
“cadmia fornacum,” due to the fact that the ele- 
ment collects in the flowers of zinc found in 
dust from zinc furnaces, and his proposal was 
generally accepted. 

For more than 60 years after its discovery, 
few applications were found for cadmium; and, 
because of its association with zinc, it was fre- 
quently referred to as “the unwanted stepchild 
of zinc.” It was first used in the sulfide form 
in paint pigments. The earliest uses for cad- 
mium were the following: Low-melting alloys, 
for electroplating iron and steel, and as salts 
in dentistry, dyeing and calico printing, glass- 
making, photography, and chemical reagents. 

The first commercial cadmium was produced 
in Germany in the 19th century, and until 1911 
Germany was the ony important producer, ob- 
taining the metal as a byproduct of the smelting 
of cadmium-bearing zinc ores of Upper Silesia. 


World production during this period was rela- 
tively small; 1t reached a peak of about 100,000 
pounds in 1910, with Germany accounting for 
more than 90 percent of the total. Belgium also 
produced small quantities of metal during the 
early years of cadmium production. 

Cadmium was first produced in the United 
States in 1906 on a pilot-plant scale. In 1907 
the (rrasselli Chemical Co. of Cleveland, Ohio, 
recovered commercial quantities of the meta]l— 
14,000 pounds—as a byproduct of zinc smelting. 
In 1910 American Smelting & Refining Co. 
began production at its Globe lead smelter in 
Denver, Colo. Thereafter other companies en- 
tered the field, and by 1925 cadmium was being 
produced at 10 plants in the United States, in- 
cluding 6 lithopone or chemical plants, 3 lead 
smelters, and 1 electrolytic zinc plant. Produc- 
tion in the United States increased rapidly 
when German sources were cut off in World 
War I; new uses for the metal were discovered, 
and improved recovery techniques were intro- 
duced. In 1917 the United States produced 
207,000 pounds, becoming the world’s leading 
producer, a position that it has retained ever 
since, except for 1918. 

Contributing to the increased use of cadmium 
after World War I was development of the 
cadmium-electroplating process of the Udylite 
Process Co., Kokomo, Ind., by Marvin J. Udy. 
The first patent relating to cadmium plating 
was issued in England in the 1840’s, but plating 
with cadmium did not come into widespread use 
until after 1919, following the work of Udy. 
Use for electroplating soon became the most 
important application of cadmium metal, and 
by the 1940’s it represented approximately 
three-fourths of the total consumption. The 
increased demand for cadmium led to greater 
production, and by World War II the output 
of primary cadmium at United States plants ex- 
ceeded 8 million pounds a year—about 40 times 
higher than production in 1917. 


OCCURRENCE 


Cadmium is a relatively rare element; its 
abundance in the lithosphere is estimated at 
only 0.5 gram per ton in the earth’s crust. 
Cadmium minerals have not been found in com- 
mercial quantities; hence no ore is mined solely 
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for the recovery of cadmium. The most com- 
mon mineral, greenockite (cadmium sulfide— 
77.8 percent cadmium) occurs chiefly as a yel- 
low stain or coating on the zinc sulfide (sphaler- 
ite). Cadmium minerals are also found with 
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lead and copper ores containing zinc, but it is 
generally accepted that the cadmium in such 
ores is associated with the zinc rather than 
the other metals. Cadmium metal is recovered 
almost entirely from zinc sulfide ores or other 
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sulfide ores, principally lead and copper, con- 
taining zinc mineralization. Cadmium oxide 
has been detected in a few instances as a coating 
on hemimorphite (Zn(OQH).SiQs) crystals. 


RESERVES 


UNITED STATES RESERVES 


There are no commercial reserves of cadmium 
ore, as such, in the United States. It is recov- 
ered as a byproduct in connection with the 
smelting and refining of zinc-bearing ores; 
hence cadmium reserves depend upon the size 
of zinc-ore reserves and their cadmium content. 

An estimate by the Federal Geological Sur- 
vey in 1944 placed the recoverable cadmium in 
domestic reserves of zinc ore of all grades 
(measured, indicated, and inferred) at 100 mil- 
lion pounds (47).* Estimates of zinc-ore re- 
serves in 1950 (74) indicate approximately the 
same quantity of recoverable cadmium as in 
1944, 

Domestic cadmium reserves may be consid- 
erably greater than 100 million pounds and, 
conversely, substantially less than that figure, 
depending on the magnitude of zinc-ore reserves 
(and to a limited extent lead- and copper-ore 
reserves), which in turn are contingent upon 
changing economic and technologic factors. 
Zinc-ore reserves, which constitute the basis for 
cadmium-reserve estimates, are listed in table 1. 

Nearly all major zinc deposits in the United 
States contain cadmium in quantities ranging 
from less than 0.01 percent to a high of about 
1 percent. The principal exception is the ore 
body at Franklin and Sterling Hill, N. J., where 
"only traces of cadmium are found. Zinc con- 
centrates containing as much as 1 percent cad- 
mium are very unusual; the content averages 
less than 0.5 percent. Zinc concentrates from 
the Tri-State area of Missouri, Oklahoma, and 
Kansas average about 0.35 percent cadmium, 
and concentrates from mines in the Western 
States rarely carry more than 0.25 percent 
cadmium. 

Zinc concentrates, including both domestic 
and foreign materials processed at the Kellogg 
ae electrolytic zinc plant of The Bunker 

ill Co., average about 0.24 percent cadmium. 
The cadmium content of zinc concentrates from 
the Coeur d’Alene district (Idaho) ranges from 
0.15 to about 0.32 percent. Typical cadmium 
contents of zinc concentrates from the Holden 
and the Metaline Falls areas of Washington 
average 0.35 and 0.15 percent, respectively 


(84). 


“Italicized figures in parentheseg refer to items in the bibli- 
ography at the end of this report. 
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Domestic ores carrying the highest percent- 
age of cadmium occur in the Southeastern 
Missouri lead district and the Southern Ilhi- 
nois-Kentucky zinc-lead-fluorspar region. Bu- 
reau of Mines analyses of zinc concentrates 
treated at the Leadwood (Mo.) mill of the St. 
Joseph Lead Co. showed a cadmium content 
of 1.29 percent and average cadmium values of 
about 0.9 percent for zinc concentrate from 
the Minerva Oil Co. Zine production from 
these two regions is small, however, totaling 
only a few thousand tons annually; hence, cad- 
mium recovery is also small compared with that 
of other areas. 

A study by the War Production Board in 
the Tri-State district during World War II 
indicated an average recovery of about 7.4 
pounds of cadmium per ton of recoverable 
zinc. Studies on the yield of cadmium from 
western ores showed that, in many instances, 
western ores yielded as much cadmium as those 
from the Tri-State area. Usually, however, the 
yield was smaller. The plants in the Eastern 
States showed a recovery of less than 2 pounds 
of cadmium per ton of zinc. The average 
yield of all domestic ores was estimated at 
about 4.25 pounds of recoverable cadmium per 
ton of recoverable zinc. Production records, 
however, particularly in recent years (1949- 
55), indicate a recovery of about 6 pounds of 
cadmium per ton of recoverable zinc. 


FOREIGN RESERVES 


The total cadmium reserve in foreign coun- 
tries greatly exceeds that in the United States. 
Based on world zinc reserves (exclusive of the 
United States) and estimating a recovery of 
12 pounds of cadmium per ton of recoverable 
zinc, foreign cadmium reserves aggregate about 
1,908 million pounds. 

Mexico, Canada, Australia, Peru, South- 
West Africa, Japan, Italy, and Germany are 
the chief Free World sources of cadmium out- 
side the United States. These countries are 
important zinc producers and have large re- 
serves of both zinc and cadmium. Other 
sources of cadmium include Argentina, Bo- 
livia, Chile, Belgian Congo, Northern Rho- 
desia, Norway, Spain, and Yugoslavia. The 
cadmium content of ores mined varies consid- 
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TaBLE 1.—Estimated zinc reserves of the United States as of January 1950 


(Thousand short tons of metallic zinc) 
[Federal Geological Survey] 


Measured and Inferred Total 
indicated 
Gross | Recoverable | Gross | Recoverable | Gross | Reeoverable 
content content ! content content } content content ! 

Zinc in deposits that could be worked under 
technologic conditions similar to those in 

112 255 | [etna De ne ray one rn Sree ten eee 8, 480 6,530 | 12, 700 9, 800 | 21, 200 16, 300 
Zine in deposits workable under possible 
future technologie or industrial condi- 

TIONS odes eens Sateen a ea 3,440 |-..--.------ AOD esac eect ea ee 3, SU0 ecees ete be 


1 Milling and smelting losses considered to be 23 percent. 


erably. South-West Africa probably has the 
richest’ ores; zinc concentrates contain about 
1.5 percent and lead-copper concentrates about 
0.5 percent cadmium. Data showing zinc re- 
Serves of some important producers and the 
pounds of cadmium obtained per ton of recov- 
erable zinc are given below: 


Cadmium 
(pounds per 

Zinc reserves ton of 
(thousand recoverable 

Country short tons) zinc) } 
MG@X100 23222560 Se cue odes se 1, 000 14. 6 
Canada 2.6. ow eo Be oe ee 8, 000 4.1 
Australia__..._-..---.------- 12, 500 4.5 
PCTs nce j eco mee aint 4, 000 8.4 
BOMVI8 teci cece Aue aes 700 10.8 
Argentinawc<-225esee5 Sages 1, 500 6. 7 
Belgian Congo__......------- 1, 400 13. 0 

South-West Africa_____.--_-- 2700 (3) 


1 Based upon a report prepared by the Board of Economic 
Warfare, Jan. 26, 1943, and revised by the War Production 
Board, August 1943. 

2 Zinc, lead, and copper. ; 

8 Zine concentrates contain up to about 1.5 percent cadmium 
and lead-copper concentrates up to about 0.5 percent cadmium. 


Mexico probably has much more than 1 mil- 
lion tons of zinc reserves; hence, cadmium re- 
serves are large and important, particularly be- 
cause of the high cadmium content of the ores. 
Recent zinc and lead discoveries in Canada 
prompt the belief that Canada will soon _be- 
come even more important as a source of cadmi- 
um than at present. Important lead and zinc 
finds have been made in French North Africa 
since the end of World War II. The cadmium 
content of the ores, however, is rather low; zinc 
concentrate from Zellidja, the largest deposit, 
assays less than 0.20 percent cadmium. 

Studies of Metals Reserve Company con- 
tracts with The Anaconda Company for treat- 
ing zinc concentrate and subsequent recovery 
of cadmium during World War ITI show the 
quantities of cadmium contained in zinc con- 
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centrate from many foreign districts. The 

average cadmium content of zinc concentrate 

from some of the more important zinc-produc- 

ng districts for the period 1942-46 is given 
ow: 


District: 


, : Average cadmium content of 
North America 


zine concentrates (percent) 


El Potosi, Mexico... ~~~ eee 0. 61 
Santa Bulalia, Mexico___---..-____________- . 60 
Fresnillo, Mexico__-__-_-. ee ee eee . 50 
Western Exploration, Canada__-...._--_-._- . 40 
Sheep Creek, Canada______----___-_- . 30 
Mattie Mill, Canada____-_____-_-_____ 28 
Retallack, Canada ________~---_- eee 28 
Twin J, Canada. _-. ~~~ owe 
Sherritt Gordon, Canada__.__.____________ .17 
Base Metals, Canada__..__--.___--_______-- .10 
South America 
Cercapuqulio, Peru______-_-----__----.~--.--- 1. 38 
Atacocha, Peru____._.----_-----_--- . 33 
Cerro de Paseo, Peru______-_-----_-------- .18 
Buaron:, Per sec4 3 ee See ee 17 
Huanchaco, Bolivia___....-..------.------- es § 
Australia 
Broken: Hilliesec set ea ee oes oe . 20 
Mount ‘Tsa25o20 2222 ce Fcc ee oe be cee ee .16 
Lake George__________-__-----------------~- .14 


Recovery of cadmium from zinc concentrates 
from the above districts ranged from about 62 
to 72 percent, depending chiefly on the composi- 
tion of the concentrates. Production of cadm1- 
um, in relation to zinc-metal production from 
these districts, taking into consideration the 
zinc content of concentrates (which varied 
from about 48 to 61 percent), averaged about 
18 pounds of cadmium per ton of recoverable 
zinc for Mexico, 8 pounds per ton for Peru, 4.4 
pounds per ton for Australia, and 8 pounds per 
ton for western Canada. These values are ap- 
proximations for certain districts in these coun- 
tries during the period 1942-46 and are not 
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valid for the entire zinc production of these 
countries. In the Canadian Province of Que- 
bec—a large zinc producer—the cadmium con- 
tent of zine concentrates averages about 0.20 
percent, ranging from a low of 0.10 to a high of 
0.35 percent (85). 

Estimates of cadmium production in the 
United States from domestic and foreign 
sources are given in tables 6 and 7 (p. 27). 

Poland has been a major source of cadmium 
for many years and, with the World War II 
addition of Germany’s Upper Silesia (which 
contains large zinc (and cadmium) reserves), 
has become a very large producer. 

The U.S. S. R. has fairly large potential re- 
serves of cadmium. Production, however, was 
small before World War II, and with destruc- 
tion of the bulk of its cadmium-smelting 
facilities in the war, Russia depended almost 
completely upon foreign supplies of the metal. 
Since the war availability of important cadmi- 
um resources from Poland, plus a revived do- 
mestic output, have eased this deficiency. 
Shimkin (83) gives the potential production 
of cadmium in the U. S. S. R. in 1937 as 
follows: 


Zine con- | Cadmium | Possible Cd recovery 
| tent of ore | per ton of 
Deposits | mined, recover- |__ 
short tons | able zine, | 
pounds | Percent Short tons 
EIOOT. suic cctawe oe 
Belousovka-.....--.-- 37, 400 4 20 14.9 
Zyryanovsk._..----- 
gs) |: Se ae » 
coe eal nad } 18, 800 110 50 38.7 
BGG: ..ccugcwaicixbar 19, 200 s 40 30.7 
Chelyabinsk. -.---.-- 21, 200 () i AER arc) (Sane near 
OIG oe aoc an ae 16, 800 110 50 42.0 
TOLIORIO: 32. <.cacunn 14, 300 10 50 35.7 
i. - | Rees + | eee eer ee epee y aimee 162.0 
~ 1Estimated. 2 Copper-zinc ores. 


Total Soviet cadmium resources, as of Janu- 
ary 1936, are also estimated (83). These are 
given below, in short tons. 


Cadmium | Cadmium 
contained | contained 


Economic region in in total 

measured zinc-ore 

zine-ore reserves 

reserves 

UP ONEN =  ose oo i nc che eeg tak aeeeeawasaaca 2, 980 9, 500 
RN PRON oe a ee ee ae 1, 400 1,650 
Ge, Sa Re aed eee a ant ae a Ae 1, 650 2, 920 
Se ORO i ar eo ots oe oo tase 770 3, 400 
WRORCOPE DLOOEIA. c ecdrenckdinddetacesecceewus 830 1, 100 
Total U.S. 8. R. (approximate) .--__-__-- 7, 630 18, 660 


RECOVERY OF CADMIUM 


The entire domestic supply of primary cad- 
mium is recovered concurrently with the treat- 
ment of ores of other metals as a byproduct 
from the flue dusts of zinc-concentrate roasting 
furnaces and sintering machines and copper- 
and lead-smelting plants, from zine collected 
in distillation in zinc retorts, and from the high- 
cadmium precipitate obtained in purifying zinc 
electrolyte at electrolytic zine plants. Other 
metals, principally germanium, thallium, and 
indium, are also found in zinc-plant flue dusts 
and commonly recovered as byproducts. 

Cadmium and cadmium compounds have, in 
genety lower melting and boiling points than 

o zinc and the analogous zinc compounds; fur- 
thermore, cadmium oxide can be reduced more 
easily than zine oxide. These differences are 
the basis for recovering cadmium as a byprod- 
uct of zinc smelting or from lead or copper 
smelting where zinc and cadmium are present. 

The first commercial process for recovering 
cadmium was a crude separation during reduc- 
tion of zinc ina retort. Roasted zinc ore, mixed 
with coke or coal, was charged to a retort, which 
was connected to a primary condenser and a 
secondary condenser or “prolong.” The roasted 
zinc ore was reduced by externally applied heat, 
the zinc and cadmium were vaporized, and the 
bulk of the zinc and some of the cadmium were 
condensed in the first condenser. Most of the 
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cadmium was not caught in the primary con- 
denser, owing to its lower boiling point, but was 
condensed in the prolongs as “blue powder.” 
The blue powder, containing 3 to 5 percent 
cadmium, was again reduced with coal or coke 
and redistilled to give fairly pure cadmium 
metal and some cadmium powder. The powder 
was returned for reduction and distillation. 
This process was very inefficient, giving low 

ields of metal and requiring considerable la- 

or. The present emphasis in zinc-retort plants 
is on recovery from the roasting operations and 
from the zinc metal itself, rather than from the 
blue powder produced in retorting operations. 

Bureau of Mines investigations (76) to de- 
velop methods and determine conditions under 
which metallic sulfides with lower boiling points 
than sphalerite might be removed from zinc 
sulfide concentrates by volatilization showed 
that over 90 percent of the lead, cadmium, and 

ermanium can be removed as enriched sub- 
imate. A higher percentage of extraction of 
these metals than is common in current practice 
was sought. 

Although 0.5 to 3 percent of the zinc was also 
colatiised. the volatile product was greatly 
enriched in lead, cadmium, and germanium. 
The experiments were performed over a tem- 
perature range of 700° to 1,050° C. The ma- 
terial was volatilized in a partial vacuum, in 
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an inert atmosphere, and in a reducing atmos- 
phere, with the highest extractions attained in 
experiments utilizing the partial vacuum and 
the reducing atmosphere. 

Further investigations were being directed 
toward separation of the fumed sulfides of cad- 
mium, germanium, and lead by selective vola- 
tilization. 


HORIZONTAL ZINC-RETORT PLANTS 


Cadmium is recovered at four horizontal zinc- 
retort plants in the United States—Fairmont 
City, Ill. (American Zinc Co. of Illinois) ; 
Henryetta (Eagle-Picher Co.) and Bartlesville 
(National Zinc Co., Inc.), Okla.; and Donora, 
Pa. (U.S. Steel Corp., American Steel & Wire 
Division). 

The processes employed are much alike and 
consist essentially of the following steps: 

(1) Roasting the zinc concentrate to oxidize 
the zinc and sulfur. In this operation some of 
the cadmium is volatilized and collected as dust 
or fume, normally containing 3 to 5 percent 
cadmium, in baghouses and electrostatic precip- 
Itators. 

(2) Sintering the resulting calcines and dust 
along with cadmium-furnace residues, a mix- 
ture of zinc chloride and zinc sulfate liquor, 
and coke or coal. When the fuel burns, it pro- 
vides a high temperature in the bed, and the 
chlorides react. with the cadmium, lead, and 
other impurities; these impurities are volati- 
lized and collected, usually in an electrostatic 

recipitator. The zinc is not appreciably af- 

ected at the sintering temperature and remains 
with the sinter. The fumes may contain as 
much as 25 percent cadmium, depending on the 
quantity of cadmium in the original sinter. 

(3) Leaching the Cottrell dust from sinter- 
ing, usually with sulfuric acid, sodium chlorate, 
and water. Any lead present is precipitated as 
lead sulfate, and some other impurities are 
separated by chemical means, leaving only cad- 
mium and copper (and sometimes arsenic) in 
the solution. 

(4) Fractional precipitation of the cadmium 
ang copper as sponges by the addition of zinc 

ust. 

(5) Distillation of the prepared sponge in a 
horizontal batch-type retort, yielding cadmium 
metal, blue powder, and residue. 

Some plants Lied this procedure. In sinter- 
ing, the cadmium that is not drawn off as fume 
into the baghouse tends to concentrate in the 
lower section of the sinter bed, leaving the up- 
per section of the sinter relatively free of cad- 
mium. To take advantage of this fact, a 
so-called “sinter cutter” is built into the conven- 
tional Dwight-Lloyd machine at the discharge 
end. As the sinter cake progresses along on 
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the moving pallets, a cut of calculated depth is 
taken and moved to a discharge point. This 
product is the finished sinter for the zinc- 
reduction retorts. The lower section of the 
sinter cake high in cadmium passes on and is 
discharged at the end of the machine. After 
crushing, it is returned to the charge. 

The presence of arsenic in many flue dusts 
and residues necessitates extreme caution and 
adequate ventilation, since conditions are very 
favorable for the formation of arsine—espe- 
clally when zinc dust is used with an acid solu- 
tion. Inhalation of even small quantities of 
this gas can result in death; hence, rigid safety 
measures are mandatory. 

The quantity of zinc dust added to precipi- 
tate the cadmium as sponge depends somewhat 
on the final purification step (78). 

If the cadmium is to be treated by pyrometallurgical 
means, the addition of zinc dust to the liquor is con- 
trolled to give a nearly pure cadmium sponge; this 
is done by incomplete precipitation of the cadmium. 
The remaining cadmium in the liquor is recovered by 
recycling of the liquor. The cadmium sponge is bri- 
quetted to reduce oxidation losses and charged to a 
retort. If necessary, a little coke is added for reduc- 
tion of any oxide. The cadmium is distilled from the 
retort and subsequently redistilled under carefully 
controlled conditions to obtain pure cadmium. This 
pure cadmium is remelted under a layer of caustic 
soda and caSt into appropriate shapes. 

Where the cadmium is to be recovered by electro- 
lytic methods, a certain amount of zine can be tolerated 
in the electrolytic cells. Hence, excess zinc dust is 
added to the cadmium-bearing solution to precipitate 
all of the cadmium and the purified zinc-cadmium 
sponge used for the raw feed to the electrolytic cells. 

An outline of the process employed at the 
American Zinc Co, of Illinois plant at Fair- 
mont City, Ill., for pee ere cadmium from 
zinc ores and concentrates 1s shown in figure 1. 


VERTICAL-ZINC-RETORT PLANTS 


Cadmium may also be recovered directly from 
cadmium-bearing zinc metals by direct distilla- 
tion. The process is, in effect, an adaptation 
of the standard chemical engineering principles 
of rectification and was introduced by the New 
Jersey Zinc Co. in its development of the ver- 
tical-retort process for producing zinc of a 
quality comparable to that yielded by electro- 
lytic methods. Employing the principles of 
rectification in this distillation, < h-boiling- 

oint impurities (such as lead) and low-boil- 
ing-point impurities (such as cadmium) can be 
separated from relatively impure zinc and a 
zinc metal of 99.99-percent purity recovered by 
strictly pyrometallurgical means. Inasmuch as 
cadmium is removed and recovered, this process 
has significance in commercial production of 
cadmium. 

Molten zinc, which constitutes the feed for 
the fractionating columns in this process, con- 
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Figure 1.—Flowsheet of Fairmont City (11) Plant, 
Showing Recovery of Cadmium in Roasting of Zinc 
Ore. 


tains both lead and cadmium. Lead has a boil- 
ing point of about 1,620° C., zine 905° C., and 
cadmium 767° C. None of these elements forms 
constant-boiling-point mixture or stable com- 
pounds with each other that vaporize without 
dissociation; therefore, they lend themselves to 
separation by fractional distillation. 

The New Jersey (Sterling) process combines 
initial bulk distillation in a vertical retort and 
purification of the crude metal in fractionating 
columns, where the cadmium is recovered. In 
purification, the molten crude metal is charged 
to a lead-rectification column, where—by a 
series of fractionations—zinc and cadmium are 
distilled off lead-free and condensed, while a 
high-lead-zine alloy is drawn off at the bottom 
of the column. The molten zinc-cadmium con- 
densate from the lead column is run into a 
cadmium-rectification column, where the cad- 
mium Is distilled and condensed. The cadmium 
is then purified and cast into commercial shapes. 
Refined liquid zine is continuously drawn off 
from the bottom of this column. This process 
is employed at the New Jersey Zinc Co. Depue 
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(I.) and Palmerton (Pa.) vertical-retort 
plants. The enriched cadmium dust obtained 
at Palmerton is shipped to Depue for metal 
recovery. Figure 2 shows, in diagrammatic 
form, a unit for the practical operation of direct 
cadmium distillation, 

Cadmium is produced at the St. Joseph Lead 
Co. electrothermic zine plant (vertical retort) 
at Josephtown, Pa., by more conventional meth- 
ods. Cadmium in flue dust is taken into acid 
solution, from which it is precipitated with 
zinc dust to yield crude sponge cadmium. The 
sponge is dried, oxidized, redissolved in sulfuric 
acid, purified by controlled additions of zinc 
dust, filtered, and pumped to a cementation 
tank, where relatively pure cadmium sponge is 
produced from metathesis with slabs of zinc. 
The sponge is caked and distilled in graphite 
bottles, and the distillate is melted and cast into 
marketable shapes. 


ELECTROLYTIC PLANTS 


The electrolytic production of cadmium first 
assumed importance in the United States about 
1915 as a result of introduction of the electro- 
lytic zinc process, because removal of cadmium 
from the zinc electrolyte is a necessary purifica- 
tion step before electrolysis. The high-cadmium 
precipitate obtained in this purification, as well 
as baghouse fume from zinc roasting and lead 
and copper smelters, is processed in electrolytic 
cadimium plants. 

Cadmium-recovery units are in operation 
at five electrolytic zinc plants in the United 
States—Great. Falls, Mont. (The Anaconda 
Company); Monsanto, Ill. (American Zinc 
Co. of Ill.) ; Corpus Christi, Tex. (American 
Smelting & Refining Co.) ; and Kellogg, Idaho 
(The Bunker Hill Co.). Of these plants, 
Great Falls, Kellogg, and Corpus Christi pro- 
duce refined metal, and Monsanto produces a 
high-cadmium sponge, which 1s shipped to 
Fairmont City for refining. In addition, 
metallic cadmium is recovered by electrolytic 
means at the Globe (Denver, Colo.) cadmium 
pan of the American Smelting & Refining 

10. 

In the electrolytic-zinc process cadmium 
and copper are taken into solution with the 
zinc in the sulfuric acid leach of the roasted 
zinc ore. These elements are interfering im- 
ea and must. be removed before the leach 
iquor can be sent to the zinc cells. Zinc dust 
is added to precipitate many of the objection- 
able elements. Precipitation usually is con- 
ducted in two steps. In the first, a limited 
quantity of zine dust is used to give a high- 
copper precipitate; in the second, an excess of 
dust is added to the filtrate from the first step, 
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FicurE 2.—Flowsheet of Sterling Process, Showing Separation of Cadmium and Lead From Zine by 
Distillation. 


yielding a zincky, high-cadmium precipitate, 
which constitutes the feed for the cadmium 
plant. The cadmium is leached from this pre- 
cipitate; after various separation steps, a cad- 
mium sulfate solution is electrolyzed to produce 
electrolytic cadmium, which is then melted and 
cast into commercial shapes. 

In more detail, the cadmium-plant opera- 
tions consist of (1) leaching the precipitate 
from the second-stage zinc-solution purifica- 
tion tanks with sulfuric acid and return cad- 
mium electrolyte; (2) filtration, which yields 
a high-copper cake and a filtrate containing 
about 120 grams per liter of cadmium and 110 
of zinc; (3) precipitation of cadmium as 

nge by controlled addition of zine dust; 
(4) oxidation; (5) sponge leaching with sul- 
466862°—58——2 
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furic acid, condensate water, and cadmium 
spent solution; and finally (6) electrolytic 

eposition of cadmium from the filtrate. 

Cells are lead-lined and similar in size and 
construction to those used in zine plants. The 
solution is electrolyzed at 2.6 to 2.7 volts and 
4 to 10 amperes per square foot, using aluini- 
num cathodes and chemical lead or Duriron 
anodes. Glue is used to reduce the tendency 
of cadmium to deposit in irregular shapes. 
Cathodes are stripped regularly, and the cad- 
mium is washed, dried, melted in an iron pot 
under caustic soda or rosin to prevent excessive 
oxidation, and cast into desired shapes. 

Figure 3 is a generalized flowsheet of the 
process employed for the electrolytic produc- 
tion of cadmium. 
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FIGURE 3.—Flowsheet of Great Falls (Mont.) Plant, 
Showing Production of Cadmium. 


LEAD AND COPPER SMELTERS 


Important sources of cadmium are the bag- 
house dust and fume from lead and copper 
smelters operating on zincky ores containing 
cadmium. Metallic cadmium is produced at 
two lead smelters, one at Herculaneum, Mo. 
(St. Joseph Lead Co.), and the other at Bradley, 
Idaho (The Bunker Hill Co.). 

The cadmium content of lead and copper 
concentrates is very low; and, were it not for 
the marked tendency of cadmium to volatilize 
during roasting and smelting, the small con- 
centrations present would be lost in the large 
tonnages of blast-furnace slag and other smelter 


PROPERTIES 


Cadmium is a monatomic, silver-white metal 
tinged with blue. When freshly cut or polished, 
it has a brilliant luster, which dulls upon ex- 
posure to moist air; a protective coating (con- 
sisting of the suboxide and oxide of the metal) 
forms on the exposed surface. It isin period V, 
group II, of the atomic table. The mass num- 
bers of its naturally occurring isotopes and 
their abundance are 106 (1.2 percent), 108 (1 
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products. The ready volatility of cadmium and 
its compounds at prevailing smelting tempera- 
tures results in its concentration in fractional 
portions of fume collected, which comprise a 
continuous circulating load in the smelter sys- 
tem. When the fume attains a cadmium con- 
tent of about 3 to 8 percent, it is removed from 
the circuit for treatment. Cadmium metal is 
recovered by several methods. 

In one process the burned lead-blast-furnace 
baghouse dust is refumed, and a concentrated 
cadmium dust is recovered and sent to an elec- 
trolytic plant for further treatment. 

In another method, which is applicable to 
both zinc- and lead-smelter products, pulped 
baghouse fume is treated with chlorine gas, 
and the dissolved cadmium is precipitated by 
zinc dust. The precipitated cadmium sponge 
ny be separated by filtering or centrifuging 
and electrolyzed after solution in sulfuric acid, 
or it may be dried in the absence of free oxygen 
and distilled. 

By another process baghouse dust is concen- 
trated by fuming in a reverberatory furnace. 
The concentrated fume is acid-leached, and the 
cadmium is precipitated from the pregnant 
leach liquor with zinc. The sponge metal so 
obtained is distilled to recover metallic cad- 
mium. A flowsheet of this process is shown 
as figure 4. 


LITHOPONE-RESIDUE PLANTS 


Another source of cadmium is the zinc- 
cadmium sludge resulting from purification of 
zinc sulfate solutions used in manufacturing 
zinc lithopone. In lithopone production ele- 
ments yielding colored compounds must be re- 
moved from the zinc sulfate solution. A 
purification similar to that used in treating elec- 
trolytic zinc electrolyte is followed. Roasted 
zinc ore is leached with a sulfuric acid solution 
and the cadmium is precipitated in the usual 
way with zinc dust. This precipitated sponge 
may be subjected to fractional distillation to 
obtain pure cadmium metal or be worked up by 
producers of chemical compounds. 
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percent), 110 (12.4 percent), 111 (12.9 percent), 
112 (23.8 percent), 113 (12.3 percent), 114 
(28.8 percent), and 116 (7.7 percent). The 
mass numbers of the radioactive cadmium iso- 
topes and their half life are 105 (38 minutes), 
107 (6.7 hours), 109 (380 days), 111 (48.7 min- 
utes), 113 (5.1 years), 115 (2.33 days; and 43 
days), and 117 (40 minutes; and 2.83 hours). 
Cadmium ordinarily crystallizes in hexagonal 
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FieurE 4.—Flowsheet of Bradley (Idaho) Plant, Showing Recovery of Cadmium From Baghouse Dust of Lead 


Smelters. 


1, Storage shed; 2, 6,000-pound batch leach with screw feeder; 8, 3- by 3-foot ball 
mill; 4, wash-solution storage tank; 5, 8- by 8-foot lead-lined leach tank; 6, Shriver 
press, 42 2-inch- by 3-foot- by 3-foot frames; 7, 5,000-gallon pregnant-solution stor- 
age tank; 8, 8- by 8-foot, lead-lined, precipitation tanks; 9, zine sulfate storage tank; 
10, briquet machine; 11, two-bottle, oil-fired retorts; 12, holding pots, 3,000-pound 
capacity ; 13, 10 4- by 16- by %-inch molds; 14, cleaning and boxing section. 


(Courtesy, The Bunker Hill Co.) 


pyramids; regular octahedral crystals can be 
obtained by condensation of its vapor in a cur- 
rent of hydrogen. 

Several of its properties make it an important 
commercial metal. Electrodeposited cadmium 
has good adherence to ferrous metals and excel- 
lent corrosion resistance, which make it a com- 
petitor of zinc as a coating material. The 
relatively low melting point of cadmium and its 
softness make it suitable for use in low-melting- 
point alloys. Some cadmium compounds—for 
example, cadmium sulfide and cadmium sulfo- 
selenide—have properties that make them ex- 
cellent pigment materials. 


PHYSICAL 


The cadmium spectrum consists of brilliant 
red, green, and blue lines. 

The density of cadmium varies with tempera- 
ture and decreases as the temperature rises. 
The density for various temperatures in grams 
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per cubic centimeter is as follows: 20° C., 8.65; 
25° C., 8.62; 60° C., 7.72; 700° C., 7.56; 720° C., 
7.54: 750° C., 7.51. 

It was suspected that cadmium had different 
allotropic forms when it was observed that 
hammering cast cadmium changed its specific 
gravity from 8.60 to approximately 8.69. The 
existence of definite allotropic modifications of 
cadmium has since been demonstrated. 

The electrical resistivity of metallic cadmium 
can be altered by heat and magnetism. A grad- 
ual increase in electrical resistivity is observed 
in the metal as the temperature is raised; and 
the increase is more rapid at its melting point. 
At 0° C. the electrical resistance is 6.83 mi- 
crohm-cm., and at 700° C. about 35.8. The tem- 
perature coefficient of electrical resistivity is 
0.0042 per degree centigrade at 0° C. An in- 
crease in resistivity occurs when the metal is 
placed in a magnetic field; the increase is pro- 
portionate to the square of the field strength. 
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A list of some physical properties of cadmium 
and zine is given below. 


Propertv: Cadmium Zine 
Atomie weight_...--..---------- 112.41 65. 38 
Melting potint_....--2.----- "Oe B205 19.5 
Boiling point__-...2------ dow... 765 907 
Latent heat of fusion 

eal. per gm__ 13.2 2-41.09 
Latent heat of vaporization 
eal. pergm.. 286.4 425.6 
Specific heat____._-__---_- do__-. 0.055 = 0. 092 
Thermal conductivity (100° C.), 
eal.-cm.2/em./°C./see. 2. ----- 0.216 0. 262 
Hardness (Mohs seale)__-2- 2 - 2 2.5 
Density, 20° C., em./ee..-------- 8. 65 7. 13 
Electrochemical equivalent, milli- 
grams/coulomb__._.---_------ 0.582 0. 339 
Electrolytic solution potential 
volt +0.4 —0. 762 
Tensile strength, Ib’sq. in-....--- 13, 600 10, OVO 
Magnetic susceptibility, 10-¢c. g.s., 


ic aiken cre ID PP nena ane —(). 18 —0. 157 
A discussion of the physical and chemical 
properties of the major cadmium salts 1s given 
on pp. 11 and 12. Table 2 lists the physical 
properties of the less important compounds. 


CHEMICAL 


Cadmium is almost always divalent, the only 
two common monovalent compounds being cad- 
mium suboxide (Cd,O) and cadmous chloride 
(CazCl,). 

Cadmium is unaffected by dry air but oxidizes 
readily in moist air, with formation of a pro- 
tective coating of oxides. It does not react with 
water at room temperature but reacts with hot 
steam to form cadmium oxide and hydrogen 
(reversible reaction). It burns in oxygen, alr, 
and chlorine and combines directly with chlo- 
rine, bromine, and iodine in solutions of these 
elements. Most organic and some inorganic 
acids dissolve cadmium, nitric acid being the 
best acid solvent. The salts, especially the 10- 
cide, ionize slightly in most instances. Cad- 
mium salts will not precipitate in heavily am- 
moniacal solutions owing to the formation of a 
soluble complex ion; it also forms complex 
cyano- and halide ions. Zinc precipitates cad- 
mum in dendritic form from salt solutions. 
Cadmium is completely precipitated by alumi- 
num from salt solutions containing a trace of 
chromium nitrate; it also may be ceposited by 
electrolysis. It is not amphoteric, as is zine, and 
so 1s insoluble in alkalis. 

Cadmium in solution is detected by precipi- 
tation of the yellow sulfide with hydrogen sul- 
fide. The sulfide is insoluble in dilute acids, 
ammonium sulfide, or caustic alkalis and is thus 
distinguished from the yellow sulfides of tin 
and arsenic. 

Cadmium may be quantitatively determined 
by the following process: (1) Dissolving the 
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metal; (2) removal of interfering ions; (3) pre- 
cipitation as the sulfide; (4) conversion to the 
sulfate with sulfuric acid; (5) evaporation and 
weighing. It may also be determined by dis- 
solving in hydrochloric acid, neutralizing with 
sodium hydroxide, adding potassium or sodium 
eyanide, and electrolysis from the cyanide 
solution. 

The corrosion resistance of cadmium is good 
in rural atmospheres but not in_ industrial 
neighborhoods, where sulfur dioxide or tri- 
oxide is present. Unsaturated oils attack cad- 
mium owing to their acid constituents. Hydro- 
gen sulfide in concentrations present in indus- 
trial atmospheres does not harm cadmium. 

Metals that are appreciably soluble in cad- 
mium include gold, silver, cobalt, copper, mag- 
nesium, nickel, lead, platinum, antimony, tin, 
and zine. Columbium, chromium, tungsten, 
and molybdenum are somewhat resistant to at- 
tack by cadmium. 


TOXIC 


Cadmium is poisonous. Johnstone (54) dis- 
cusses the toxicology of cadmium at length; his 
opening paragraph is decidedly pertinent: 

Cadmium hag probably more lethal potentialities 
than any other of the metals. Lead, mercury, man- 
gaunese, and many others may bring about an acute or 
chronic illness, but rarely do any of these cause sudden 
death from an acute exposure. Failure to appreciate 
the toxie properties of this metal (cadmium) has 
caused workers to be unwittingly exposed to its fume 
and bas furthermore allowed manufacturers to incor- 
porate this metal in products without due warning of 
its presence. 

Industrial processes in which cadmium poi- 
soning may occur include the smelting of 
cadmium-bearing ores, working up of residues, 
welding of alloys, spraying of cadmium-bearing 
paints and pigments, manufacture of cadmium 
compounds, melting the metal, and cadmium 
plating. 

The following occupations have been listed as 
offering exposure to cadmium: Cadmium-alloy 
makers, cadmium and cadmium-compound mak- 
ers, cadmium platers, cadmium-vapor-lamp 
makers, calico printers, chargers (zinc smelt- 
ing), color makers, electroplaters, glass colorers, 
lithopone makers, solderers, solder makers, 
storage-battery makers, welders, zinc smelters 
and refiners, chemical process men, glass- 
blowers, cupola tenders, painters, polishers, 
grinders, and buffers. 

The toxicity of cadmium is described in some 
detail in the following section, which was pre- 
yared for this report by Frank Princi, M. D., 

niversity of Cincinnati, Department of Pre- 
ventive Medicine and Industrial Health, Col- 
lece of Medicine. 
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The maximum permissible concentration of cadmium 
allowable per day by ingestion has been set at 1 mm. 
per kg. Toxic symptoms produced by ingestion of the 
metal are vomiting, diarrhea, salivation. anorexia, 
weakness, and loss of weight. Most of the cases of 
toxicity resulting from cadmium ingestion have been 
accidental in nature; however, it should be remem- 
bered that cooking and eating utensils should not be 
plated with cadmium, since the cadmium can be dis- 
solved in acids and may cause gastric disturbance. 

The main route of cadmium absorption during in- 
dustrial exposure is by inhalation. The recommended 
maximum allowable concentration for cadmium in air 
has been set at 0.1 milligram per m.* of air by the 
American Standards Association. This M. A. C. can be 
considered to have validity with reference to cadmium 
fumes only. Acute inhalation exposures are followed 
by a latent period from 4-86 hours. During the first 
several hours there are no noticeable symptoms ex- 
cept for possibly mild irritation of the eyes, dryness 
of the throat, and a tightness in the chest. These 
symptoms progress to coughing, shortness of breath, 
chest pain, cyanosis, and occasionally gastrointestinal 
symptoms. The signs and symptoms of a generalized 
pneumonia may ensue. This syndrome is typical of 
chemical pneumonitis and is not peculiar to cadmium 
alone. 

In workers exposed to lower concentrations of 
cadmium fumes and dusts over a long period of time, 
a syndrome manifested clinically by a yellowish pig- 
mentation of the teeth, vague motor disturbances, 
pain in the lower legs, and finally by difficulty in walk- 
ing has been described in Europe. It has not been ob- 
served clinically in the United States. 


A thorough description of the experimental pathv- 
logical effects of cadmium has been given by Prodan. 
He administered the metal to cats by several differ- 
ent routes. By ingestion, the liver and kidneys were 
affected, but all the doses were large enough to produce 
acute manifestation of poisoning. By inhalation, 
cadmium sulfide produced a bronchopneumonia ac- 
companied by edema and extensive emphysema and 
sometimes pleural effusion. Studies by Princi et al. 
showed that dogs tolerated without difficulty the in- 
halation of an average concentration of 4 mg. of 
cadmium oxide and cadmium sulfide dusts. As with 
all industrial exposures, the various compounds of the 
same element and the various physical forms of the 
same compounds may result in great differences in 
physiologic effect. These differences are most ap- 
parent in industrial exposures to cadmium where 
fumes provide the most serious hazard. 

As with other toxic substances, prevention of undue 
exposure remains the best treatment. All industrial 
processes where cadmium fumes are developed should 
be well ventilated and exhausted. Respirators should 
be employed for unavoidable exposures to extremely 
high concentrations. Acute inhalation exposure 
should be treated immediately with oxygen therapy. 
even though the patient may appear only moderately 
overcome by the fumes. Appropriate chemotherapy 
can be instituted if a secondary pneumonia is 
suspected. 

Death due to cadmium by ingestion is rare for it acts 
as a violent emetic and usually not enough of the 
metal is absorbed to cause serious damage. 

BAL (2,3 dimercaptopropanol) has been used with 
success for the treatment of cadmium poisoning in- 
curred both by inhalation and ingestion. 


USES 


The chief uses of cadmium in 1955 were as a 
protective coating, usually applied by electro- 
plating, and in chemical compounds; about 88 
percent of available cadmium was consumed 
for these purposes. For the period 1940-44, 
71 percent of the cadmium consumption of the 
United States was in electroplating, 11 percent 
in bearing alloys, and the remainder in pig- 
ments, galders. miscellaneous alloys, and vari- 
ous chemicals. (See table 2.) Since World 
War II cadmium has also been used in small 

uantities in nickel-cadmium batteries and in 

e atomic energy program. 


METAL 


Cadmium metal is used chiefly as a protec- 
tive covering on other metals, competing with 
zinc as a protective coat on ferrous metals. 
About 58 percent of the cadmium consumed 
In 1955 went for that use. The metal is also 
employed in the production of bearings, 
solders, and other alloys. The production of 
alloys utilized 9 percent of the cadmium con- 
sumed in 1955. At present there are no sta- 
tistics on the use of cadmium metal in the 
control of nuclear reactors, but its high ther- 


TABLE 2.—Consumption of cadmium in the United States, by uses, 1940-44 and 1956 
(Thousand pounds) 


1940 1941 1942 1943 1944 1945 


ee en en ee ee ey 


Blectroplating.26< scchcscess a cnco clases oe 3, 692 4, 586 6, 661 6, 481 5, 496 4, 705 
IBGATIN arececk obese ete cc eee aaa Sees 1, 300 1, 504 282 249 798 
OlGCie aa cei ek oh See sien Be Sea eat eee ee een 73 130 201 285 266 10 
Other alloys: e2.2).c2 st esen ns teeta ateenstesousse 281 221 98 198 89 740 
Pigments 2c 2566.4 2ec eee eee eS eae 783 1, 246 367 139 177 2 709 
Chéemicals:.c2c22c0-b essence oo eee eee ean 49 79 50 29 89 : 
OUNCiB os Se oe Se ee ee ee ke oe eye ea Crees aes ca cea ee ee <5 | an eee 
TOtGl atuwerccesswessee eee eco ee eoeen eas 6, 178 7, 766 7, 659 7, 381 8,865 | 28, 169 


pounds was used for electroplating and other metal alloys, 182,609 and 
172,834 pounds for pigments and chemicals and other uses, respectively. 
Similar information not available for other years. 


1 Inctudes cadmium for unspecified uses. 
2 Consumption based on an 88-percent reply to survey. Includes 
622,814 pounds of cadmium oxide (cadmium content), of which 167,371 
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mal neutron cross section (2,400+200 barns) 
indicates it is a metal of interest in this field 
of use. 


PROTECTIVE COATINGS 


Cadmium metal is widely used as a protec- 
tive coating for iron and steel and, to a much 
smaller extent, on other metals. Electrodepo- 
sition of cadmium is the only commercial 
method used for applying it as a protective 
coating; however, the metal may be directly 
copied by spraying or hot dipping. 


ELECTROPLATING 


In the electrodeposition process cadmium 
compounds in solution are electrically decom- 
posed, and cadmium metal is deposited on the 
object to be coated. 

rocedure.—Although cadmium can be de- 
posited from acid baths, such as sulfate or 
fluoborate, virtually all commercial plating 1s 
from cyanide baths. Acid baths do not give 
good deposits without effective addition agents 
and also have poor throwing power. The 
prime value of cadmium sulfate solutions in 
electroplating is to provide very thin but 
highly adherent undercoatings for heavy 
coatings from cyanide cadmium baths. As 
the deposits usually are very crystalline and 
show a strong tendency toward treeing, highly 
colloidal addition agents (such as gelatin 
must be used. These are too unstable in the 
bath, even in the presence of protective col- 
loids, to give commercially satisfactory plating 
results. 

Almost every bath characteristic of conse- 
quence favors the cyanide cadmium bath—its 
ability to give a dense, fine-grained deposit 
that may be made highly lustrous and reflec- 
tive by the use of agents that are stable in 
the bath; high and easily balanced anode and 
cathode efficiencies; excellent covering power; 
and good plate distribution on recessed articles. 
Consequently, the cyanide bath is used almost 
exclusively for commercial cadmium plating. 

Modern commercial cadmium electroplating 
baths consist essentially of sodium cadmicy- 
anide, sodium cyanide, sodium hydroxide plus 
organic, and sometimes inorganic addition 
agents and brighteners. They usually are made 
by dissolving cadmium oxide in sodium cyanide 
solutions to give a bath with the sodium hydrox- 
ide content equivalent to the cadmium content. 
The cadmium content usually runs from 1.8 to 
4.5 ounces per gallon. 

The metallic cadmium content varies with the 
items to be plated and is one of the factors that 
determines the maximum permissible current 
density. The cathode efficiency will vary with 
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the metal content, that is, low metal-low effi- 
ciency, high metal-high efficiency. This effect 
is less marked in cadmium solutions than in 
other cyanide solutions, such as copper and zinc. 
The metal content should be maintained by an- 
ode corrosion as far as possible. 

The sodium cyanide content is important, 
since it provides conductivity and makes anode 
corrosion possible in the use of soluble cadmium 
anodes. In some baths the appearance of the 
plate depends on the ratio of cadmium metal to 
free cyanide; high cyanide content results in 
low cathode efficiency, and low content results 
in a dull deposit at both high and low current 
densities. The usual sodium cyanide content is 
12 to 17 ounces per gallon. 

The caustic soda content is not very critical. 
Except in case of the dragin of pickling acid, 
it is maintained by the difference in anode and 
cathode efficiencies. The usual content is from 
2 to 4.5 ounces per gallon. Its prime function 
is to help conductivity. An excess causes the 
bright plate current density range to narrow. 

The organic brighteners used in cyanide cad- 
mium plating solutions include complex, nitro- 
gen-containing condensation products of au 
molecular weight and certain sulfonic acids. 
Many other substances used as brighteners have 
been patented; most of them are effective in 
baths of relatively low concentration. 

As the bath concentration and cathode cur- 
rent density increase, it becomes progressively 
more difficult to secure smooth, bright deposits 
by using organic addition agents alone, in 
which case small amounts of certain metallic 
salts may be added to obtain optimum results. 
Nickel and cobalt salts, when used in conjunc- 
tion with suitable organic addition agents, per- 
mit current densities to be employed consider- 
ably in excess of those obtainable by using or- 
ganic addition agents alone. Nickel tends to co- 
deposit with cadmium to a very slight extent 
when the bath composition becomes low in cad- 
mium or sodium hydroxide. Cobalt is equally 
as effective as nickel but is required in larger 
amounts and does not codeposit with cadmium 
under conditions observed in normal bath 
operation. 

The commonest sources of impurities in plat- 
ing baths are dirty tanks, drippage, splashing, 
fumes, dragin, incorrect additions, and dissolv- 
ing of the parts to be plated. Cadmium baths 
are particularly susceptible to metallic impuri- 
ties. Copper 1s the commonest metallic con- 
taminant and causes a film when low current 
density is used. Zinc causes cloudiness in high 
concentrations. Small amounts of nickel 1n- 
crease the luster of the plate, but larger amounts 
cause streaks and decrease the efficiency of the 
bath. Antimony, tin, silver, arsenic, and lead 
destroy the luster of the plate, while hexavalent 
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chromium, such as is found in chromic acid and 
many chromate treatments used on cadmium 
and zinc deposits, causes blistering and little 
or no depositing takes place below 25 amp. per 


Metallic impurities may be decreased by 
treating the solution with cadmium sponge or 
zinc dust to bring about precipitation or by 
electrodeposition at a low current density. 
Chromic acid passivates steel and thereby de- 
lays coverage. It may cause blistering and 
causes severe anode polarization and loss in 
anode efficiency. It may be removed by sodium 
hydrosulfite. 

Nitric acid has no effect on the appearance of 
the plate but cuts down cathode efficiency. 
Chloride and sulfate ions have no direct effect 
on the appearance of plate but tend to make 
iron anodically soluble. Oil and grease produce 
blotchy white deposits; they may be removed 
by using activated carbon and a filter aid. This 
process removes the brightener, which must be 
replaced. The presence of carbonate results 
from the breakdown of sodium cyanide. Con- 
centration of the carbonate is accelerated by 
excessive bath temperatures and also by absorp- 
tion of carbon dioxide from the air. It results 
in a decrease of free cyanide, anode polariza- 
tion, and increases in tank voltage. The current 
density drops, plating time increases, and the 
appearance of the say changes to frosty white, 
then gray. Small amounts are not objection- 
able but should not exceed 6 ounces per gallon 
in a 5-ounce-per-gallon cadmium solution or 11 
ounces per gallon in a 2.5-ounce-per-gallon 
cadmium solution. It is prevented mainly by 
preventing high temperature; it may also be 
decreased by dilution of the solution and by 
limiting exposure of the solution to air. So- 
dium carbonate may be removed from the solu- 
tion by precipitation reagents or by freezing 
out. Constant filtration in electroplating 1s 
desirable to prevent accumulation of suspended 
matter, which may cause rough deposits. How- 
ever, cadmium baths are not as susceptible to 
rough deposits as are other baths. In modern 
practice filtration is used seldom and in some 
instances not at all. 

The standard plating cycle consists of use of 
an alkaline cleaner, a warm rinse, a cold rinse, 
an acid pickle, a cold rinse, cadmium plate, a 
cold rinse, a hot rinse, and drying. 

Electroplating usually is conducted at room 
temperature or helen 75° and 100° F. for 
uniform results. Considerable variation can 
sometimes be tolerated if a change in the bath 
composition compensates, 

For best results the current density range 
widens and moves toward higher current densi- 
ties as the cadmium content increases. The 
cadmium content depends largely on the rela- 
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tive value of the investment in tank, solution, 
and floor space. Barrel] plating solutions usually 
are operated with a rather low cadmium con- 
tent, because of the agitation employed, while 
still tanks and automatic solution are operated 
with higher cadmium content. 

The average effective current density is 15 to 
20 amp. per sq. ft. in solutions containing 2.5 
ounces per gallon of cadmium and 30 to 40 amp. 
per sq. ft. in solutions containing 5 ounces per 
gallon of cadmium. Anode current density in 
commercial conditions usually should not ex- 
ceed 20 amp. per sq. ft. Cathode current ef- 
ficiency varies with the bath composition—be- 
tween 85 and 98 percent. The efficiency 
increases with increased metal content; in- 
creased cyanide and brightener decrease the ef- 
ficiency, while caustic soda increases it. Small 
quantities of carbonate have no appreciable 
effect. 

In plating from cadmium cyanide solutions 
soluble cadmium anodes generally are used. 
Auxiliary insoluble steel anodes sometimes are 
employed in special instances. Additions of 
cadmium salts are required to keep up the metal 
content when soluble anodes are used. The 
cadmium anodes are usually chill-cast and must 
meet the following specifications: Minimum 
cadmium, 99.9 percent; silver plus lead plus tin 
maximum, 0.05 percent; arsenic plus antimony 

lus thallium maximum, 0.005 percent. Anodes 

rom bearing scrap generally contain too much 
silver and tin and sometimes too much nickel 
and lead. The impurities go into solution at 
high anode current densities and cause irregu- 
larities at the cathode. They may form sludges 
at low densities and contaminate the plate. 

Cadmium is electroplated on rough or ma- 
chined basis metal, with no buffing or polishing 
treatment. Small parts are sometimes ball- 
burnished. Cleaning in organic solvents before 
the alkaline cleaning removes heavy oil and 

ease. Steel parts frequently are precleaned 

y immersion without current in cleaner of 
caustic soda and soap. Anodic cleaning is also 
used. Pickling is done at room temperature in 
hydrochloric acid; heavy scale is best removed 
by sulfuric acid. If inhibitors are employed to 
lessen acid attack on steel, the work should be 
given a short dip in uninhibited muriatic acid. 
Scale on copper and red brass is removed in hot 
dilute sulfuric acid and scale on yellow brass 
in cold dilute sulfuric acid. The brass and 
copper are usually then bright-dipped in sul- 
furic acid-nitric acid—hydrochloric acid. 

Cadmium coatings are generally used “as 
plated.” The commonest method of finishing 
is known as “bright dipping.” The known 
bright dips are acid solutions of considerable 
oxidizing power. The bright dips may contain 
single compounds, such as 14 to 1 percent by 
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volume of concentrated nitric acid of sp. gr. 1.4 
or mixtures of acids with suitable oxidizing 
agents, such as chromic acid and hydrogen per- 
oxide. By far the largest volume of bright dips 
being used for cadmium is based on chromic 
acid. 

Cadmium plate is mechanically finished to 
only a small extent. Such finishing necessitates 
enough care in preparing the basis metal before 
finishing so that good adhesion is assured and 
blistering prevented. Large, cadmium-plated 
metal parts may be buffed or scratch-brushed 
with light pressure. 

Cadmium plate is sometimes finished by 
lacquering and/or painting. Many clear lac- 
quers are available that. adhere well to cadmium 
as long as ordinary precautions of cleanliness 
are taken. Pigmented lacquers and paints fre- 

uently do not adhere and require pretreatment 
of the plate by bonderizing in phosphate solu- 
tions or by treatment in cold chromate solutions. 

Advantages and Limitations.—Cadmium is 
used as a protective coating in preference 
to zinc for the following reasons: (1) Thinner 
coatings provide equal protection on some ap- 
plications; (2) the rate of deposition for a 
given amperage of electric current is larger, 
hence electricity power costs are reduced; (3) 
electrical resistance of plated contacts 1s lower; 
(4) cadmium retains its metallic luster longer ; 
(5) plated parts are more easily soldered; (6) 
cadmium has a greater resistance to alkali and 
salt-water corrosion; (7) it is superior in 
throwing power, or ability to deposit uniform- 
ly on intricately shaped objects; and (8) cor- 
rosion by galvanic action 1s more effectively 
minimized. 

Another advantage of _ electrodeposited 
cadmium is its high ductility. Parts to be 
formed or stamped may be plated before these 
operations, as the ductility of the deposits per- 
mits the cadmium to spread over the areas of 
bending. Still another advantage of cadmium 
over zinc is that the cathode efficiency of cadmi- 
um is considerably higher than that of zinc, and 
therefore less difficulty is experienced with hy- 
drogen embrittlement during plating on high- 
carbon steel. Zinc plate on alloy steel at ele- 
vated temperatures causes intercrystalline cor- 
rosion and fatigue failure; this is not true of 
cadmium plate. The chief disadvantage of 
cadmium plating is its higher cost compared 
with zinc plating. 

Cadmium plating is silver-white and has 
a eek luster; these characteristics make it use- 
ful where appearance is important. Cadmium 
is easy to plate, since control of the bath is less 
critical than for other metals, the solutions are 
easier to analyze and control, and the process 
requires less equipment and floor space. It 
covers malleable and cast iron, as well as some 
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high-carbon steels, and calls for less care in re- 
moving grease and oxides. Some such articles 
are almost impossible to plate in a cyanide zinc 
solution whereas cadmium covers them quite 
easily. 

Zinc coatings are equal or slightly superior 
to cadmium coatings of the same thickness in 
industrial, suburban, rural, and sea-coast at- 
mospheres. Cadmium is superior to zinc when 
subjected to extended salt spray or submersion 
in salty water, In salt-spray tests, zinc speci- 
mens quickly become discolored and show a 
steady loss in weight, whereas cadmium main- 
tains its silver appearance much longer and, 
after an initial weight loss, begins to take on 
weight, suggestive of formation of a protective 
oxide coating. However, resistance to salt 
spray as a standard test is not indicative of 
cadmium’s resistance to atmospheric corrosion. 
Cadmium chloride formed with salt spray is 
less soluble than zine chloride, which would 
seem to indicate the reason for the superiority 
of cadmium under these conditions, but cadm- 
um does not do as well in actual use as the salt- 
spray tests indicate, showing that other com- 
pounds must be formed that are soluble. 
Cadmium shows low resistance in industrial at- 
mospheres where sulfates are among the cor- 
rosion products owing to the high solubility of 
cadmium sulfate. The corrosion products of 
cadmium do not accumulate like those of zinc, 
and cadmium plating may therefore be used in 
corrosive atmospheres where such accumula- 
tions would be harmful, as by interfering with 
the smooth working of machines. 

Applications.—The corrosion resistance of 
cadmium is due to (1) the formation of protec- 
tive oxide or chloride coatings and (2) elec- 
trochemical protection of exposed basis metal. 
Its relatively high price usually limits its ap- 
plication to parts used indoors or in sheltered 
places outdoors, where thin coatings will give 
adequate protection, although aircraft, marine, 
and military uses arecommon. The most com- 
mon uses of cadmium plating are casket hard- 
ware, automotive nuts, bolts, screws, springs, 
fasteners and washers, nails, rivets, carburetor 
and magneto parts, builders’ hardware, air- 
craft parts, radio and television parts, chassis 
and marine hardware, malleable fittings, elec- 
trical parts, wire screen, tools, stampings, and 
screw machine parts. The resistance of cad- 
mium plate to chemicals is somewhat. low, but 
it. dissolves very slowly in alkalis and is there- 
fore used to protect washing equipment, fac- 
tory partition legs, steel embedded in concrete, 
and other articles coming into contact with 
washing compounds. Since solder adheres 
readily to cadmium plating, cadmium is used 
on steel and other metals and is serviceable on 
electrical contacts. Cadmium plating is used 
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where dissimilar parts are in contact, since the 
plating prevents galvanic currents in moisture 
that result in corrosion. It is also used to 
protect brass, since the potential difference be- 
tween cadmium and brass is less than that be- 
tween zinc and brass. It is used in the packing 
industry for articles that come in contact with 
greases containing oleic and stearic acids; but, 
owing to its toxic properties, it cannot be used 
for articles that come in contact with food. It 
is used, in commercial thicknesses, on cheap 
ball bearings, worn gears, and ball points. 
Cadmium is somewhat soluble in brass (es- 
pecially high-zinc brass) at room temperature. 
Copper and cadmium alloy only at high tem- 
eratures. Brass coatings less than 0.00005 
inch thick absorb in a few months; however, 
the alloying does not continue indefinitely and 
seems to reach a saturation point. Alloying 
increases in extent and speed with increase in 
temperature. For the same protection, thicker 
cadmium plating should be put on copper and 
its alloys than on iron and steel; all copper- 
base alloys need about the same thickness of 
cadmium. Copper and its alloys accelerate 
the corrosion of iron and steel in electrical 
contact. Plating only the steel part still re- 
sults in acceleration of the corrosion by copper. 
Clean copper is the best electrical conductor, 
but its resistance rises with oxidation under 
heat and pressure; the resistance of cadmium 
rises much less. Zinc is not a satisfactory sub- 
stitute for cadmium where electrical grounding 
is involved, since the electrical resistance of 
zinc-plated surfaces is higher. Cadmium- 
igi solutions containing mercury cannot 
used on brass, since the mercury diffuses 
into the brass and causes season cracking. 


Cadmium is not a suitable undercoating for 
thin silver coatings, despite the similarity of 
color. The cadmium absorbs the silver, leav- 
ing a dark surface. Nickel and copper are 
better undercoats. 


Both cadmium and zinc are electronegative 
to iron and therefore protect by preferential 
corrosion. Because zinc is more electronegative 
than cadmium, zinc will protect iron over a 
greater environmental range than cadmium. 
However, this same property of zinc will cause 
it to dissolve more rapidly, leaving the iron 
bars subject to direct attack. Cadmium, used 
in 0.0001-inch thickness to protect piano wire, 
does not impair the tone. 

The disintegration of cadmium coatings in 
tropical climates to form a white, nonadherent 

owder is known as “white-powder corrosion”. 

akelite and Bakelite-impregnated materials 
do not attack cadmium but do attack zinc. Zinc 
is attacked more readily by corrosive materials 
than is cadmium. 
466862 °—58——-8 
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OTHER APPLICATION METHODS 


Direct application of cadmium metal as a 
protective coating on other metals is accom- 
plished by hot dipping or spraying while in 
molten condition (97). In the hot-dippin 
ees the metal object to be coated is dippe 

odily into a bath of molten cadmium for a 
short time. 

In the metal-spraying process cadmium is 
melted in a gas-heated graphite crucible. The 
molten metal is gravity-fed toa spraying nozzle, 
from which it is ejected by a stream of pre- 
PR compressed air onto the surface to be 
coated. 


NICKEL-CADMIUM BATTERIES 


Although well known in Europe for many 
years, nickel-cadmium batteries have come into 
use in this country only since World War II. 
This battery was invented in Sweden by Walde- 
mar Jungner and Karl Berg around 1900; in 
1909 a Swedish company began commercial pro- 
duction. Within 10 years 4 firms in Sweden, 
Bok anes France, and Germany were making 
nickel-cadmium batteries under various licens- 
ing agreements. 

Bus fleets and railroads reported that bat- 
teries used 10 and 15 years were in excellent 
condition. A cadmium battery installed in a 
diesel rail car in Sweden in 1913 was in use in 
1948 after starting the engine 300,000 times. 
The battery found wide use in motorcycles be- 
cause it stood up under heavy vibrations. Many 
business and professional men and automobile 
fanciers have installed it 1n their cars, although 
the price has been 2 to 3 times greater than for 
a comparable lead battery. 

Advantages of the nickel-cadmium battery in- 
clude (1) its long life (55)—over 3,000 cycles 
of charge and discharge (88); (2) the fact 
that it cannot be damaged by overcharging, re- 
verse charging, or short circuits; (3) simple 
maintenance; (4) delivery of maximum current 
with minimum voltage drop; (5) high dis- 
charge rate without damage to cells; (6) quick 
charging; and (7) wide range of operating 
temperature—from — 65° to 165° F. 

Nickel-cadmium batteries are used at present 
principally for heavy-duty wear, such as in 
buses, diesel locomotives, and other heavy ma- 
chinery ; however, the battery can be employed 
for almost any purpose where use of a storage 
battery is indicated. 

Nickel-cadmium batteries are alkaline-type 
storage batteries. Several types have been de- 
veloped. In one type the active material of the 
positive plate consists of nickel hydroxide and 
graphite; the negative plate consists of a mix- 
ture of cadmium and iron oxides. The electro- 
lyte is a solution of potassium hydroxide in dis- 
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tilled water. Nickel hydroxide, Ni(OH), is a 
very poor electrical conductor, and the graph- 
ite (approximately 25 percent) is required to 
raise the conductivity. en charged, the cad- 
mium oxide is reduced to finely divided metal- 
lic cadmium, and ferric oxide is required to 
prevent a tendency to coagulate. The follow- 
Ing equations may be assumed to represent the 
chemical reactions taking place in the cell: 


Posttive 
Charge—2Ni(OH).+20H — 2Ni(OH)s. 


Negative 
CdO0+H;,0+2K -— Cd+2KOH. 


Positive 


Discharge—2Ni(OH);+2K — 2Ni(OH).+2KOH. 


Negative 
Cd+20H -— Cd0O+H;0, 
or 
NiO+CdO — NiO,+Cd. 


Characteristics of the cell include the follow- 
ing: (1) The chemical reactions are perfectly 
reversible; (2) the active materials cannot re- 
act with the electrolyte when the battery is on 
a circuit; (3) the specific gravity of the 
electrolyte does not change during the complete 
Shit and (4) the cell does not gas when 
charged properly or when discharged. If the 
oxides and hydroxides of nickel and cadmium 
were completely pure, the cell would have no 
self-discharge but would also be very high 
priced. Therefore, a certain amount o str 
rity is tolerated that still allows a long-life 
battery. However, if the cell becomes dirty or 
is stored in a humid place, considerable external 
self-discharge can take place. The length of 
life of the battery seems to depend on the rate 
of solubility of the graphite in the electrolyte. 
The quantity of electrolyte may be reduced to 
#2 minimum, and the plates may be very close 
together and thin, reducing internal resistance. 
The specific gravity (18° C.) of the electrolyte 
is approximately 1.29. Potassium hydroxide 
will absorb carbon dioxide from the air to form 
the carbonate, which increases the internal re- 
sistance but does not decrease its ability to fur- 
nish heavy discharge currents for engine start- 
ing or switch closing. The average voltage ob- 
tained is 1.2 volts per cell. 

The positive and negative plates are of the 
same design and appearance. The active ma- 
terials are manufactured in powdered form 
and forced, under high pressure, into flat tubes 
or “pockets” made of very finely perforated 
nickel-plated steel strips, which are seamed 
along their edges. The pockets are mounted 
horizontally under great pressure in plate 
frames of nickel-plated steel. The plates are 
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si lead mechanically and insulated from each 
other by polystyrene rods and from the cell jar 
by hard rubber. The finished product is en- 
cased in a steel container, making it very re- 
sistant to damage. These individual cells (the 
number is governed by the size and voltage 
needed) are arranged in hardwood trays. 

Another nickel-cadmium battery of the sin- 
tered-plate type, using potassium hydroxide 
as the electrolyte, has pan developed recently 
and put on the market. In this battery the grids 
of both positive and negative plates consist of 
sintered carbonyl nickel powder. The active 
material of the positive plate, when charged, 
is nickel oxide, and that of the negative plate 
is cadmium. Cadmium is impregnated on the 
plates as cadmium nitrate, electrolyzed to cad- 
mium hydroxide, and then to cadmium oxide, 
which during charge gradually loses oxygen 
and becomes metallic cadmium. The nickel 
oxide (active material of the positive plates) 
is brought to a higher state of oxidization. 
These charges in both sets of plates continue as 
long as the charging current is applied or until 
the active niteniale of the plates have been 
completely converted. 

During discharge a reverse chemical action 
occurs. The positive plates gradually return to 
a state of lower oxidation, and the negative 
plates gain back oxygen. During this process 
the chemical energy of the plates is converted 
into electrical energy, which is released as cur- 
rent flows through the load. Each plate of the 
cell-core assembly has, as its foundation, a 
screen of nickel-wire mesh. This screen is con- 
verted into a sheet as nickel powder is deposited 
in its meshes by a sintering process. It is the 
active material electrochemically deposited 
within the pores of the sheets that distinguishes 
bet ween negative and positive plates. 

Each cell consists of a transparent plastic 
case, housing a core assembly of positive and 
ie oa | egy and a separator of multiply 
fabric and plastic sheet interwound among the 
eee The battery of cells is housed in a steel 

attery case. The ratio of cadmium to nickel 
in the battery is about 1:9.5. In the 6-volt, 
30-amp.-hr. battery there is less than 2 pounds 
of cadmium. 


ATOMIC ENERGY 


In addition to its major uses, cadmium occu- 
pies an important place in nuclear physics, 
where it is employed to control the fissioning 
process in reactors. Its specific use in nuclear 
physics was disclosed under terms of an agree- 
ment among the United States, Canada, and 
the United Kingdom to make public scientific 
discoveries that have no military value (76). 

It was revealed that the fission rate of a nu- 
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clear reactor is controlled by cadmium rods pro- 
jecting into the region of fission. Cadmium 
absorbs thermal neutrons readily, so that not 
enough neutrons remain free to start an un- 
controlled chain reaction of splitting. The pur- 
pose of a nuclear reactor is to produce neutrons 
and heat, and pulling the cadmium rods out 
starts production. Adjustment of the cadmium 
rods determines the rate of fission and quantity 
of heat produced by the reactor. 


ALLOYS 


An important use of cadmium metal is in 
alloys. The most important cadmium-base al- 
loys and alloys containing cadmium are used in 
bearings, solder, low-melting-point alloys, tele- 

aphic, telephonic, and power-transmission 

Ines, and silver brazing. 

Data on the binary, ternary, and quaterna 
alloy systems of cadmium are discussed by Bud. 
gen (3) and McCutcheon and Musgrave (78). 


BEARING METALS 


The efficiency with which a machine operates 
depends to a large extent upon the loss in power 
experienced by the moving parts in contact with 
each other and in contact with their supporting 
bearings. The basic function of the bearing 
alloy is to maintain a low coefficient of friction 
between the bearing and the moving part. A 
bearing is usually made softer than the moving 
ee it supports, yet strong enough to carry the 
oad (57). 

The main ri Paice of a good bearing 
metal are: (1) Mechanical strength, hardness, 
tensile strength, and compressive strength; (2) 
bonding characteristics—adherence to the steel 
or bronze back (all bearings are not bonded) ; 
(3) relatively high melting pont (4) fatigue 
resistance; (5) antifriction characteristics; (6) 
nonscoring characteristics; (7) conformability ; 
(8) embeddability—ability to absorb particles 
rather than having them interfere with the 
movement; (9) thermal conductivity; and 
(10) corrosion resistance. 

Cadmium-base bearing alloys that contain at 
least 97 percent cadmium have low frictional 
properties, high strength, and toughness at ele- 
vated temperatures, high melting points, tem- 
perature stability, and a wide range of hard- 
ness. These alloys have a much greater fatigue 
life than the lead-base or tin-base alloys. In 
casting and bonding them to steel backs, a 
stronger and more permanent bond may be ob- 
tained by first coating the steel with a cadmium- 
nickel alloy. Cadmium-base bearing alloys 
have enough conformability to withstand shaft 
deflections without scoring or seizure and are 
tough enough to prevent cracking at the edges. 
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Cadmium-base bearing metals are used chiefly 
in internal-combustion engines for service un- 
der high pressures and temperatures and at 
high speeds. 

‘he cadmium-base bearing alloys most com- © 
monly used are the types containing approxi- 
mately 1.3 percent nickel and 98.7 percent cad- 
mium (Asarcoloy) and the cadmium-silver- 
copper alloys containing 0.5 to 2.25 percent 
silver, 0.25 to 0.50 percent copper, and the re- 
mainder cadmium. The cadmium-nickel alloy 
probably is preferable. The cadmium-copper- 
magnesium alloys used at one time suffer from 
intercrystalline corrosion and are now out of 


Cadmium-base bearings formerly were used 
much more commonly than at present; during 
World War II this was the second largest use 
of cadmium, exceeding 1 million pounds an- 
nually for several years. Currently, the use of 
cadmium in bearings is relatively small. 

The cadmium-nickel alloy is the only white 
metal used for bearings for linings in heavy- 
duty, sliding-type bearings. These alloys are 
characterized by high melting temperature and 
high fatigue resistance. 

‘Graphalloy,” a cadmium - impregnated 
graphite containing 30 to 35 percent cadmium, 
is used in oilless bearings, bushing linings, and 
for electrical purposes, chiefly brushes and con- 
tacts for controller switches. 

Silver dissolves in up to 2.5 percent cadmium ; 
copper is slightly soluble, the eutectic being 
98.9 percent cadmium. A hard solution is at- 
tained more cheaply in using copper, but copper 
hardens and strengthens cadmium at the ex- 
pense of ductility and toughness. The addition 
of silver gives a better combination of strength, 
hardness, and ductility. The cadmium-silver- 
copper alloys have a melting range of 600° to 
620° F. and can be used at much higher tem- 
enue than other white metals. Impurities 

eading to low-melting eutectics must be 
avoided in bearing mietale. These alloys can be 
deposited electrolytically. They are used only 
in steel-backed ers , where their bond 
strength is better than that of the tin- or lead- 
base alloys. 

Babbitt-metal bearings (tin-base-alloy series 
containing antimony and copper) may contain 
1 percent cadmium to increase strength and 
antifriction properties. 

The chief disadvantage of cadmium-base al- 
loys is their susceptibility to corrosion by lubri- 
cants that contain organic acids. Plating the 
bearing with indium helps this condition appre- 
ciably, but indium is extremely expensive. 
However, such small quantities are necessary to 
give pean that the cost is not entirely 
prohibitive. 
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SOLDERS AND SILVER BRAZING ALLOYS 


Cadmium can be substituted for tin in rather 
large proportions in solders. Solders contain- 
ing some tin are better than those that are com- 
pletely tin free. Replacement of tin results in 
some loss in joint strength and working quali- 
ties; and, owing to the tendency of cadmium 
oxide to become entrapped in the joints, de- 
creased mechanical strength and an increase 1n 
porosity are apt to occur. In tin-free lead-cad- 
mium solders the melting point is higher than 
in the tin-lead-cadmium alloys, and care must 
be taken to avoid oxidation. The capillary ac- 
tion of these solders is advantageous in some 
fields. 

The cadmium-zinc soldering alloys make 
joints of acceptable strength and are not oxi- 
dized as easily as the lead-cadmium alloys. 
They are characterized by high shear strength. 

Typical cadmium solders have the following 
compositions: (1) 22.5 percent cadmium, 71 
percent zinc, 5 percent tin, and 1.5 percent cop- 
per; (2) 9 percent tin, 65 percent lead, and 26 
percent cadmium; (3) 3 percent tin, 75 percent 
lead, and 22 percent cadmium; (4) 68 percent 
lead, 23 percent tin, and 9 percent cadmium (a 
satisfactory wiping solder); and (5) 40 per- 
cent cadmium, 60 percent zine. The first alloy 
listed above (containing 22.5 percent cadmium) 
is particularly useful with flexible metal tubing. 
Approximately half of the tin in tin-lead solders 
can be safely replaced with cadmium but with 
the disadvantage mentioned previously. 

The principal uses of cadmium-silver alloys 
are in solders and bearing metal. The cadmium 
functions as a deoxidizer. About 0.5 percent 
is added to sterling silver to reduce the copper 
oxide for sounder casting and whiter sterling. 

The characteristics of the silver brazing al- 
loys make it possible to join both ferrous and 
nonferrous metals with strong, ductile, leak- 
tight, corrosion-resistant joints. The corrosion 
resistance of the alloys is due mainly to the 
silver content. The relatively low temperature 
at which these alloys melt makes them very use- 
ful on copper. An alloy containing 35 percent 
silver, 26 percent copper, 21 percent zinc, and 
18 percent cadmium, which has a melting point 
of 1,125° F. and a flow point of 1,295° F., isa 
good general-purpose brazing alloy. Its lower 
melting and flowing points make it more useful 
with lower melting temperature base metals. 
“Easy-Flo,” manufactured by Handy & Har- 
man, hasa basic composition of 50 percent silver, 
15.5 percent copper, 16.5 percent zinc, and 18 
percent cadmium; its melting point is 1,160° F. 
and flow point 1,175° F. Its electrical conduc- 
oy is 23.9 percent that of pure copper. A 
similar alloy contains 45 percent silver, 15 per- 
cent copper, 16 percent zinc, and 24 percent 
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cadmium. Both these alloys have low flow 
points and good strength characteristics, mak- 
ing them useful in joining such metals as car- 
bon steel, stainless steel, nickel and nickel alloys, 
and copper and copper-base alloys. An alloy 
containing 50 percent silver, 15.5 percent cop- 
per, 15.5 percent zinc, 16 percent cadmium, and 
3 percent nickel (melting point, 1,195° F.; 
flow point, 1,270° F.) is used in brazing tung- 
sten carbide to other metals and is an excellent 
alloy for brazing tungsten and molybdenum. 

Brazing alloys containing 35 to 48 percent 
silver, 10 to 15 percent cope 12 to 17 percent 
zinc, 12 to 20 percent cadmium, and 2.5 to 20 
percent indium and alloys containing 10 to 25 
percent silver, 3 to 10 percent copper, 25 to 40 
percent zine, and 30 to 50 percent cadmium, for 
use In brazing, welding, and soldering processes, 
have been patented (56, 57). 


USES BASED ON LOW MELTING POINT OF 
ALLOYS 


Low-meliing-point alloys containing cad- 
mium are used in fire-detection apparatus, fusi- 
ble elements in automatic sprinkler heads, 
fire-door release links, automatic shutoffs for 
gas and electric water-heating systems, safety 
plugs for compressed-gas cylinders, tanks, etc., 
and temperature-controlled safety clutches. 

Bronze containing up to 1 percent cadmium 
has moderately high strength, high electrical 
conductivity, and good abrasion resistance. 
Larger amounts of cadmium are considered 
harmful. 

The alloy known by the trade name “Cerro- 
bend” is used as a filler in bending thin-walled 
tubes, which would otherwise crumple in the 
bending process. Cerrobend contains 50 per- 
cent bismuth, 26.7 percent lead, 13.3 percent tin, 
and 10 percent cadmium and is a eutectic alloy 
that melts at 70° C. (158° F.). The finished 
product is put in boiling water to melt the 
filler, which can be collected and reused. It is 
also sapiyed as a filler in manufacturing hol- 
low sterling silver, while the metal is shaped be- 
tween dies. Other uses include anchoring 
fragile materials in machining, models for en- 
graving machines, certain types of dies, model 
replicas, gages, assembly fixtures, and plugs for 
chlorine containers, where ease of molding and 
corrosion resistance are important. It is also 
known as Lipowitz alloy. 

Accurate proof castings can be made with the 
alloy trade-named “Cerrosafe.” Its property 
of shrinkage during cooling to room tempera- 
ture and then expanding slightly on further 
cooling makes it a good ail for that use. It is 
used in proof casting molds gun chambers, 
forging dies, etc., in a sprayed coating for 
wooden patterns and core boxes, where it elimi- 
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nates distortion from moisture. Cerrosafe con- 
tains 42.5 percent bismuth, 37.7 percent lead 
11.3 percent tin, and 8.5 percent cadmium and 
has a melting point of 165° to 190° F, 

Wood’s metal, an alloy containing 50 percent 
bismuth, 12.5 percent tin, 25 percent lead, and 
12.5 percent cadmium and having a melting 
point of 68° C., is used in seals and gastight 
joints in glass apparatus because of its low 
melting point. 


ELECTRICAL CONDUCTORS 


Cadmium alloys quite easily with copper 
and quantities up to 50 poet are containe 
in master alloys for addition to copper and 
bronze. Low-cadmium copper (0.7 to 1 per- 
cent eeu) is very ductile and has found 
wide use in telegraphic, telephonic, and power 
transmission wires, since cadmium imparts 
good tensile strength, hardness, and high an- 
nealing temperature and does not seriously im- 
pair its conductivity. It is most useful as 
trolley wire, where its high strength, high con- 
ductivity, and resistance to wear have prime 
importance. Cadmium-copper alloys can be 
worked both hot and cold. 


An alloy of copper-zirconium-cadmium has 
proved superior in strength and hardness to 
copper-cadmium alloys and has about as good 
electrical conductivity. 


OTHER USES 


Cadmium forms amalgams with mercury 
that become crystalline on standing. These 
amalgams have been used in the past—some- 
times combined with other metals—for filling 
teeth; however, their use has been largely dis- 
continued owing to the tendency of cadmium 
to dissolve in acids. Cadmium is poisonous 
when taken internally. Moreover, these fillings 
cause discoloration of the tooth enamel. 
Cadmium amalgams usually contain about 25 

ercent cadmium and ma made more plia- 

le on heating by the addition of tin or bis- 
muth. The addition of 16 percent mercury to 
cadmium-lead-bismuth-tin eutectic lowers the 
melting point from 70° to 55° C. This alloy 
has been used in place of plaster of paris. 

Cadmium forms a green, ductile alloy with 
gold, which is used in manufacturing jewelry. 
These alloys contain approximately 75 percent 
gold, 12 to 16 percent silver, 9 percent copper, 
and 4 to 12 percent cadmium. 


COMPOUNDS 


The most important cadmium compounds in 
industry are the sulfide and sulfoselenide, and 
their chief use is as paint plement These 
compounds often are extended with barium sul- 
fate, in which case they are known as cadmium 
lithopones. Cadmium pigments are useful in 
cases of exposure, such as on automobiles 
(where heat resistance is essential, since cad- 
mium sulfide is not as easily oxidized as zinc 
sulfide) and in atmospheres containing hydro- 

n sulfide, which darkens paints containing 
jead owing to formation of tie black lead sul- 
fide. Cadmium pigments are used where ex- 
treme color retention is required. Some of the 
commoner uses of the pigments are in durable, 
nonbleedin nitomobile and machinery enam- 
els and finishes, artificial leather, coated fabrics, 
plastics, rubber, soaps, glass, paper, printing 
inks, baking enamels, ceramic glazes, litho- 
graphic inks, and artists’ oi] and water colors. 
Cadmium sulfide is also used with ultramarine 
to produce a green color and as a fluorescent 
pigment. 

he color range of cadmium sulfide is from 
lemon yellow to orange and of cadmium sulfo- 
selenide from orange and light red to deep 
maroon. During World War II the phospho- 
rescent qualities of some cadmium pigments 
were investigated with regard to their use in 
illuminating certain objects during blackouts. 
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However, their cost was found to be prohibitive 
for extensive use; and today, the cost factor re- 
mains a deterrent to wider use of cadmium pig- 
ments. 

Descriptions of the more important cadmium 
compounds follow. Manufacturing processes 
for cadmium sulfide, lithopone, and sulfosele- 
nide are included because of the importance of 
these compounds. A table listing the physical 
ae of the minor compounds may 

ound on page 25. 


CADMIUM SULFIDE 


Cadmium sulfide (CdS), also known as cad- 
mium yellow or jaune brilliant, molecular 
weight 144.47, occurs naturally as greenockite 
but has not been discovered in quantities or 
purity to constitute a commercial source. Cad- 
mium sulfide appears in the amorphous and 
crystalline forms. The amorphous form may 
be yellow, orange, or brown. The crystalline 
form is dimorphous; the alpha form is lemon 
yellow and has a specific gravity of 3.91 to 4.15, 
and the beta form is vermilion and has a spe- 
cific gravity of 4.48 to 4.51. Cadmium sulfide 
may be prepared by heating cadmium oxide 
with sulfur but a better quality is obtained by 
passing hydrogen sulfide through acid solutions 
of the salts. 


22 CADMIUM—A MATERIALS SURVEY 


The color of the sulfide precipitated depends 
upon the particle size, not upon the allotropic 
modifications. A very hydrous gel of the sulfide 
is precipitated by hydrogen sulfide or alkali 
sulfides on a cold solution of a cadmium salt; 
the color is hight yellow when the cadmium sul- 
fide is precipitated from a cold solution of low 
cadmium content and deep orange when it is 
precipitated from hot cid solutions with hy- 
drogen sulfide or boiled with excess sodium 
thiosulfate. 

Cadmium sulfide is manufactured in one proc- 
ess by dissolving cadmium oxide in sulfuric 
acid and precipitating the sulfide from the solu- 
tion with hydrogen sulfidé. Cadmium sulfide 
may also be made by precipitation from cad- 
mium nitrate with barium sulfide, or by precip- 
itation from a solution of cadmium sulfate with 
a soluble sulfide such as sodium sulfide. 


SOLAR ENERGY CONVERTER 


The United States Air Force recently an- 
nounced (87) development of a solar generator 
using cadmium sulfide for converting sunlight 
into electrical energy. Cadmium sulfide pow- 
der is processed into crystal form; the Air 
Force said a wafer-thin 4- by 15-foot slab of the 
crystal would supply enough current to take 
care of a house. 

The pilot model of the electric generator is 
said to be about 1 inch square and to supply a 
charge of 14 volt. Electrodes are attached to 
opposite sides of the crystal, from which wires 
run to an electric motor. Sunlight striking the 
crystal induces a charge in it, and the electric 
current generated activates the motor. 


CADMIUM LITHOPONE 


Cadmium lithopone is prepared by mixin 
solutions of cadmium sulfate and barium sul- 
fide, which yields cadmium sulfide and barium 
sulfate. Pure cadmium sulfate is difficult to 
obtain and is therefore prepared as part of the 
process by the action of sulfuric acid on the 
pure cadmium metal. Complete dissolving of 
the metal in the acid is difficult unless a small 
amount of nitric acid is added to the sulfuric 
acid. The nitric acid is reduced in the process, 
so that no nitrates are formed, or a slight ex- 
cess is added because of the favorable effect of 
nitrates in some calcining processes. 

An excess of cadmium in the sulfate is de- 
sirable to eliminate the necessity of using extra 
alkalis to raise the pH of the solution. The 
resultant precipitate of cadmium sulfide or cad- 
mium sulfide and barium sulfate is filtered and 
calcined in a reducing atmosphere to give it a 
uniform color. The color of the product de- 
pends on the calcining process, the orange 
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shades being obtained when the product is not 
calcined but simply dried. Lithopones may also 
be prepared by fonnine the barium sulfate and 
cadmium sulfide separately and mixing before 
calcining. 

In some lithopones both cadmium sulfate and 
zinc sulfate are mixed with barium sulfide to 
form a cadmium-zine hthopone. A light yel- 
low may be made by replacing some zine by 
cadmium and orange by replacing most of the 
zinc by cadmium in sulfate solutions. It is 
often called cadmapone and is used where the 
air contains hydrogen sulfide gas which pre- 
vents the use of other pigments. It is employed 
in place of regular zine lithopones for high- 
temperature use, since cadmium sulfide does not 
oxidize as readily as zine sulfide. 


CADMIUM SULFOSELENIDE 


These pigments are prepared by adding sele- 
nium to a solution of barium sulfide or nitrate 
reacting the solution with cadmium sulfate, and 
calcining with excess sulfur to remove unre- 
acted selenium, which tends to darken and dull 
the product. It may also be prepared by cal- 
cining, under nonoxidizing conditions, a mix- 
ture of cadmium oxide, sulfur, selenium, and a 
cadmium sulfide base. Some recent patents 
cover the use of processes involving: (1) De- 
composition of cadmium selenocyanide in the 
presence of a cadmium compound and sulfur; 
(2) calcining a mixture of cadmium sulfide, 
metallic selenium, and a compound jielding 
cadmium oxide on heating; (3) calcining com- 
pounds capable of yielding sulfides, selenides, 
or sulfoselenides in an atmosphere of sulfur, 
selenium, or both; and (4) precipitating cad- 
mium hydroxide from cadmium sulfate solu- 
tion, reacting it with barium sulfide or a 
water-soluble sulfide, and calcining the dried 
basic sulfide with enough sulfur, selenium, or 
both to replace the oxygen in the basic sulfide. 

The above-mentioned processes are simplified 
versions of a few of the many processes used by 
companies producing cadmium pigments. 


CADMIUM ACETATE 


Cadmium acetate (Cd(C.H;O,):2.3H,O), 
molecular weight 284.55, specific gravity 2.01, 
forms colorless, deliquescent, monoclinic crys- 
tals that are soluble in water and alcohol. It 
is crystallized with some difficulty. It becomes 
anhydrous when heated to 130° C. and attains 
a specific gravity of 2.34 and a melting point 
of 256° C.; the salt decomposes at higher tem- 
peratures. Cadmium acetate may be made by 
dissolving the metal, oxide, hydroxide, or car- 
bonate in acetic acid and evaporating to incipi- 
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ent crystallization. It is used in chemical] test- 
ing for sulfides, selenides, and tellurides and 
for producing iridescent effects on porcelain 
and pottery. | 


CADMIUM CARBONATE 


Cadmium carbonate (CdCQO;), molecular 
weight 172.42, specific gravity 4.26, 1s a white, 
crystalline powder, soluble in acids, potassium 
cyanide, and ammonium salts but insoluble in 
water. It decomposes below 500° C. The salt 
can be made by adding an alkali carbonate to a 
solution of another cadmium salt. It is used 
principally as a starting compound for manu- 
facturing other cadmium salts. 


CADMIUM CYANIDE 


Cadmium cyanide (Cd(CN).), molecular 
weight 164.45, is obtained as a white precipi- 
tate when potassium or sodium cyanide is added 
to a fairly concentrated solution of a cadmium 
salt. It dissolves in an excess of the precip1- 
tating reagent owing to formation of the com- 
plex ion. The salt is slightly soluble in water 
and easily soluble in acids, and decomposes 
when heated above 200° C. in air. The solu- 
tion of the complex ion is used as an electrolyte 
for electrodeposition of cadmium. 


CADMIUM HALIDES 


The halides of cadmium are very weakly 
ionized in moderate or strong concentration, 
a characteristic that may well be due to the 
tendency of cadmium to form complex ions 
with halides. Cadmium halides form auto- 
complexes—salts in which the same metal ap- 
pears in both the anion and cation—as, for 
example, Cd(CdX,). These salts may also 
contain cations of other metals; these are 
known as double halides. 

Cadmium chloride, “butter of cadmium” 
(CdCl.), molecular weight 183.32, melting 
point 568° C., boiling point 960° C., specific 
gravity 4.05, is composed of colorless hexag- 
onal crystals that are soluble in water and 
methyl and ethyl alcohol. It forms hydrates 
with 1, 2, 4, and 5 molecules of water. It 
sublimes at temperatures above red heat, con- 
densing in the form of micaceous plates. The 
monohydrate forms long needles and the tetra- 
hydrate broad prisms. Cadmium chloride may 
be made by dissolving the metal in an aqueous 
solution of hydrochloric acid and eyeborane 
or by dissolving the oxide or carbonate in HCl. 
When a solution of the chloride is evaporated 
in air, it leaves a residue of the chloride and 
the oxide. To prevent formation of the oxide, 
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the solution may be evaporated in a stream of 
hydrogen chloride gas. The salt is used in 
photography, in dyeing and calico printing, in 
testing for pyridine bases, and as a solution for 
precipitating the sulfides. 

Cadmium bromide (CdBr.), molecular 
weight 272.24, specific gravity 5.20, melting 
point 580° C., boiling point 963° C., is a yellow 
crystalline powder. The hydrate, containing 
4 molecules of water, consists of efflorescent 
white crystals, molecular weight 344.31. It is 
soluble in water, hydrochloric acid, and alco- 
hol and slightly so in acetone and ether. The 
salt may be made by dissolving cadmium metal 
in bromine water that has been acidified with 
hydrobromic acid to prevent formation of 
basic salts, by heating the metal with bromine 
vapor, or by dissolving in hydrobromic acid 
and evaporating the solution to dryness. For 
purification, the residue may be heated to 200° 
C. and sublimed in a stream of dry carbon 
dioxide. Cadmium bromide is used in photog- 
raphy, process engraving, and lithography. 

Cadmium iodide ( Cadi), molecular weight 
366.25, is a dimorphic material. The alpha 
form has a melting point of 385° C., boiling 

oint 713° C., specific gravity 5.67; the beta 
orm has a specific gravity of 5.30. It is com- 
posed of lustrous white, hexagonal scales that 
are stable in air. Cadmium iodide is soluble in 
water, acids, alcohol, ether, and warm am- 
monium hydroxide and slightly soluble in liquid 
ammonia and acetone. Cadmium iodide may be 
made by heating the metal with iodine or by 
treating a cadmium compound with hydriodic 
acid. It is used in the form of the cadmium- 
potassium iodide (known as Marme reagent) as 
a reagent for morphine, papaverine, and other 
alkaloids; it is also used in testing ethers for 
peroxides. It is used for iodizing collodion 
plates in alcohol and in process engraving and 
lithography. 


CADMIUM NITRATE 


Cadmium nitrate (Cd(NOs)2), molecular 
weight 308.49 ee point 59.4° C., specific 
gravity 2.46, forms white, hygroscopic crystals 
that are soluble in water, alcohol, and liquid am- 
monia. It can be made by dissolving cadmium 
metal, oxide, or carbonate in nitric acid and 
evaporating to incipient crystallization. The 
salt is used to impart a reddish-yellow cadmium 
luster to glass and porcelain ware and as a 
laboratory reagent. 


CADMIUM OXIDES AND HYDROXIDE 


Cadmium oxide (CdO), molecular weight 
128.41, exists in two forms: Cubic, specific grav- 
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ity 8.5, and as a colorless amorphous powder, 
specific gravity 6.95. The crystals vary in color 
from light or yellowish brown to dark brown, 
depending on the method of manufacture. Fine 
bluish-black crystals may be obtained by con- 
densation from the vapor state. The cubic form 
volatilizes at 700° C. It is soluble in water and 
alkalis and soluble in acids and ammonium 
salts; 1t reacts with ferric oxide to form a 
member of the spinel group (CdFe.0,). 

To make cadmium oxide, the pure metal may 
be distilled in a graphite retort and the vapor 

ermitted to react with air, since the nitride 

oes not form. The oxide thus formed varies 
in color and must be calcined to get. even color. 
The carbonate or nitrate may be heated to de- 
composition ; the color of the salt resulting from 
decomposition of the carbonate is lighter than 
that from the nitrate. The oxide may be re- 
duced by hydrogen or carbon monoxide; cad- 
mium suboxide is thought to be formed as an 
intermediate product. 

Cadmium oxide is used in cadmium plating 
baths, for sensitizing the photochemical reaction 
for the formation of hydrogen peroxide from 
water, and as a catalyst in manufacturing 
highly unsaturated alcohols by hydrogenation 
of unsaturated fatty acids or esters. It is an 
active ingredient of the negative plate of nickel- 
cadmium batteries. Cadmium oxide, when 
finely ground with water, molded into shape, 
and heated to 800° C., forms a mass of high 
tensile strength, stability, and durability for use 
as a resistor in electric furnaces. A mixture of 
10 percent cadmium oxide or sulfide and 90 per- 
cent silver is cold-pressed to form electrical 
contacts. Cadmium oxide added to titanium 
oxide and calcined forms a nonchalking pig- 
ment. The oxide is also used as a coating for 
luminescent colors, such as cadmium or zinc 
sulfide. 

Cadmium suboxide (Cd.O0), molecular weight 
940.82, specific gravity 8.192, is a green, amor- 

hous substance that sae Sie on heating. 

t may be prepared in the laboratory bY heat- 
ing cadmium oxalate in a stream of carbon di- 
oxide or by heating cadmium oxide in carbon 
monoxide. It is also the result of dehydration 
of cadmium hydroxide formed by the action of 
water on cadmous chloride, Cd,Clz.. Cadmium 
suboxide is formed naturally by the action of 
air on cadmium plating and forms a protective 
coating similar to aluminum. 

Cadmium hydroxide (Cd(OH).), molecular 
weight 146.43, specific gravity 4.79, decom- 
poses at 300° C. and is a white powder that is 
soluble in acids and ammonium salts but insolu- 
ble in water and alkalis. It absorbs carbon di- 
oxide to form the carbonate. The addition of 
ammonium hydroxide to a solution of a cadmi- 
um salt produces a gelatinous precipitate of 
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varying composition that dissolves in an excess 
of the hydroxide owing to formation of the am- 
monia complex ion. The addition of alkali 
metal hydroxides yields a voluminous, highly 
hydrated precipitate that is insoluble in excess 
hydroxide. The purest cadmium hydroxide 
may be formed by precipitation from a solu- 
tion of the nitrate, since less nitrate ion is ab- 
sorbed in the precipitate than in the chloride 
or sulfate. Cadmium hydroxide is more solu- 
ble than zinc hydroxide and much more basic. 
It is used in preparing negative electrodes in 
cadmium-nickel storage batteries. Cadmium 
hydroxide made by the anodic oxidation of 
cadmium (in an electrolyte composed of a 21- 
percent aqueous solution of potassium hy- 
droxide with a cadmium anode and iron cath- 
ode) is used in preparing negative electrodes in 
pacininenicle (torte batteries, . 


CADMIUM SALICYLATE 


Cadmium salicylate (Cd(C,H;O,)..H.O), 
molecular weight 404.65, has a white needlelike 
structure and 1s soluble in hot water, acids, am- 
monium hydroxide, alcohol, ether, or glycerol. 
It is prepared from salicylic acid and the oxide 
or carbonate and used as an external antiseptic. 


CADMIUM SULFATES 


A table of the specific gravities and melting 
points of the various hydrated forms of cadmi- 
um sulfate is given below: 


Specific Melting, 

gravity  point,° C. 
ONS Oks eet ei seat 4.69 1,000 
Cd5 04. sO son on ete ce ce 3. 79 108 
3CdSO,.8H,0.--- 22k 3. 09 41.5 
CASO) 4AHiO~ 3 ee oo eee B05) owed 
Cd8SQ,.7H,0O msn) Sieve ieee oe SoS oa ee 2. 48 4 


The temperature of the solution in which the 
hydrated cadmium sulfate crystal forms deter- 
mines the water of crystallization of the com- 
pound. The anhydrous form (molecular 
weight, 208.47) is composed of white rhombic 
crystals; the octahydrated form (molecular 
weight, 769.54) 1s composed of white, efflores- 
cent, monoclinic crystals. The anhydrous form 
is soluble in water and insoluble in alcohol, but 
the octahydrated form is soluble in both alco- 
hol and water. Cadmium sulfate is made by 
dissolving the metal, oxide, or carbonate in sul- 
furic acid. The anhydrous sulfate may be pre- 
pared by meee cadmium with ammonium or 
potassium persulfate. 

Cadmium sulfate is used for fluorescent 
screen study of spectral distribution of light 
emitted by fluoroscopic and _ intensifying 
screens excited by X-rays and in medicine for 
treating such eye diseases as corneal opacities, 
chronic conjunctivitis, and leucoma. It is an 
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antiseptic and astringent and is also used to de- 
termine hydrogen sulfide and to detect fumaric 
acid. A solution of the sulfate in contact with 
crystals of 3CdSO,.8H.O is used as an elec- 


also called the normal Weston cell, is the one 
on which the National Bureau of Standards has 
based its standard for the volt since 1911. It 
has an electromotive force of 1.01830 interna- 


tional volts at 20° C. 

The container of the normal cell is usually 
an H-shaped glass tube system with sealed-in 
ositive ele- ua wires at the lower ends of the vertical 

egs for electrical connection. In one leg there 
is mercury and in the other cadmium amalgam. 
The mercury electrode is covered with a mixture 
of mercurous sulfate and finely ground cad- 
mium sulfate. A layer of cadmium sulfate 
crystals is placed upon the surface of both the 
amalgam and mercurous sulfate. The cell is 
filled above its crossarm with a saturated solu- 
tion of cadmium sulfate. These cells are sold 
In groups, since the voltage delivered is too low 
for them to be of value separately. 


trolyte in Weston and other standard cells. 


STANDARD CELLS 


The Weston standard cell has a 
ment of mercury, a depolarizer of mercurous 
sulfate, a negative element of cadmium amal- 
gam, and an electrolyte of cadmium sulfate 
solution. In the Weston normal standard cell 
the electrolyte solution is saturated; however, 
except for extremely precise work, the unsat- 
urated cell is adequate. Normal cells adjust 
very slowly to temperature change and are 
ee inconvenient for general laboratory 
work. 

The normal or saturated cadmium standard, 


. 


TaB kr 3.—Physical properties of minor cadmium compounds ! 


| Molecular Specific | 


Cadmium compound | Formula Crvstalline form ! Melting 
weight gravity ' point, °C, 
) 
AMNGC.2 220 552 ons ga eee Cd(NHo)e... 2-2-2. PAB IO. ts hd eae ee 3.05 | D. 120 
Ammonium chloride. ___- | CdCh.4NH,Cl .-_ 2 _- 397. 31 | Rhombie__-__-_________. | 201 | Tr. —20 
Arsenate____.__________ CdHAsQO,.H2O_______- DAF 9 Vales Se ect ee nea a ee) ee ae iy oe 120 
Arsenide____._________-_ DCCA Sin 2 os eects ween! 487.05 | Dark gray eubic_.---22.:, 6. 211 | 721 
Borotungstate__.__.--- Cds Be W 9092. ISH. ___- 2, 738. 03 | Yellow trielinie....22222 2)... _- 75 
Bromate______________-_ | Cd(BrQ3)o.H20_______- 386. 26 | White rhombie_.__._____, 3. 758 D. 
Chlorate_...._________- » Cd(ClO3)2.2H2O_____- 315. 36 | Colorless prismatic 2, 28 80 
| deliquescent. 
Cobkaltinitrite. 2.2222 2.. Cd3(6¢Co(NOn2)—)o------- 1007. 20 it OV OO Wg ek os ae letaears 2 D. 175 
Dit hionate______.______ | CdS.0¢6HAO___ = 380. 63 | Triclinie-__.___________- 2. 272 D. 
Fluoride...___________- Osco 5A ele AE 150. 41 | White cubie___. 2-22 6. 64 520 
Fluosilicate__..._..___- Cd8iFs.6H.O___.. 362. 57 | Colored hexagonal_._.._.}--- 2-28 [ee ete cut 
Formate______________- | Cd(HCQ.)2.2H2O_ ____- 238. 48 | Monoclinie_____ _ ____ ___: 2.44 | 
Iodate___._______-_____ | CdMO i) es oot owas en see 462.25 | White_----__-__________. ; 6. 43 Tr. 160 
| CdilOn)2.H20__----_- 480. 27 | Small monoclinic. ______- Re saateue ce en een 
Lactatesccce eco ce Cd(C3H503)2--____---- 290. 55 | Needles_-___-___________ le Nak ieee Pa Gos tat 
Oxalate___-...___.__.__- CAG gO) fis ss et oie 200. 43 | Colorless______________- 3.32 | D. 340 
CdC.0,.3H.O_-___---- 254. 48 |____- a (6 ena ee ener Bid ouce  focast : 
Permanganate____.___-_- Cd(MnQ,)2.6HeQ_ __-- - yO. a T dll (eee ee ae eee ee 2. 81 D. 95 
Orthophosphate._-___-.| Cd3(PO,)2_-------__-- 527. 19 Colorless amorphous. ___ - Pah, eres 1500 
Pyrophosphate. _._----- | CdsP,07.2H20_..------ 434. 81 | White powder__________- | 4. 965 ‘900 (anh.) 
Potassium iodide._____- | CdI,.2K).2H.O_..____- 734. 31 | White deliqueseent 2... | 3.359 Jo 22 2. 
Selenate.....___.---__- CdSeQ,.2H,0_______-- 291.4 | Rhombie__.___-__.____- 3. 632 | D. 100 
Selenide____.---------- Cdsptidcccetegeecsuse 191. 37 | Gray-brown hexagonal.._' 5.81 | 1350 
Silicate. ..____________- CASIO oS Sas Senco 188. 47 | Rhombie______________. | 4.98 1242 
Sulfite.._..______---__- CUB Osa sot vee 192.47 | White... --2 2-2 tei D 
Telluride. .---.-------- 65 (dW: Saeed 240. 02 | Black cubie__---_-_2____- | 6.20 | 1041 
Tungstate__...-------- CUW Opn eecsseccoc ec 360. 33 | Yellow rhombic_—___---_- | memes ereee epee rea 


1 Abbreviations used in the table: d., Deeomposed; tr.. transition; anh., anhydrous. 


SUBSTITUTES 


Since most cadmium is consumed by the elec- 
troplating industry, it can sometimes be re- 
placed by zinc or nickel and chromium. Never- 
theless, most substitute metals lack the throw- 
ing power of cadmium necessary for electro- 

lating odd shapes and parts. Zinc can be used 
instead of cadmium in electroplating; but for 
some uses, such as in salt water and tropical at- 
mospheres, cadmium is much more satisfactory. 
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However, the Navy Department has recently 
revised its specifications and now allows some 
articles to be zinc plated that previously had to 
be cadmium plated. Unlike many other elec- 
troplated coatings (such as copper, tin, nickel, 
| chromium), both cadmium and zine protect 
steel- and copper-alloy basis metals electro- 
chemically. Because oF this, metals other than 
zinc, when substituted for cadmium, must be 
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applied in appreciably greater thicknesses to 
give equal protection. 

In solders and low-melting alloys, tin and 
bismuth may be substituted, and in bearings 
tin is a satisfactory substitute. However, dur- 
ing emergency periods tin frequently has been 
in shorter supply than cadmium. 


Lead, zinc, and barium chromates can re- 
place cadmium sulfide as pigments in many in- 
stances but are not as desirable, since they are 
attacked by hydrogen sulfide and other con- 
taminants of the air in industrial neighbor- 
hoods. 


UNITED STATES SUPPLY—DISTRIBUTION 


The supply of cadmium available to the 
United States consists of primary-metal pro- 
duction, an output of primary compounds, 
recovered secondary-metal compounds, and 1m- 
ports of metallic cadmium. Distribution con- 
sists of domestic consumption of primary and 
secondary metal and compounds and exports of 
metal (table 5). To balance supply and distri- 
bution, account must be taken of stock changes. 
Except for 1940-44, consumption data are ap- 
petont consumption, gaged by adding the pro- 

uction of primary metal and compounds and 
net imports of metal and adjusting for pro- 
ducers’, distributors’, compound manufactu- 
rers’, and Government (when available for 


TaBLe 4.—Cadmium supply of the United 
States, 1925-66 


(Thousand pounds of contained cadmium) 


Imports | Total 
Primary | Primary | Second- | (metal) 4 
metal ! ary 3 
(*) 616 
tS 977 
* 1, 326 
(* 349 
(? 3, 128 
2 bg 3, 134 
1, 051 337 3 1, 388 
800 260 1, 060 
2, 277 401 (* 2, 787 
2, 777 567 ( 3, 470 
3, 477 507 (* 4, 169 
3, 633 627 te} 4, 836 
4, 266 419 5, 513 
4, 078 216 (*) 4, 327 
4,411 379 (8) 5, 100 
6, 154 209 228 6, 619 
6, 938 206 380 7, 761 
7, 323 48 316 7, 740 
8, 396 71 162 8, 678 
8, 454 326 107 8, 954 
7, 933 451 73 8, 486 
6, 200 271 355 6, 843 
8, 007 501 105 8, 633 
7, 583 193 121 7, 907 
8, 024 203 384 8, 768 
8, 850 841 427 10, 248 
8,114 197 168 8, 569 
8, 388 179 80 10, 126 
9, 682 85 70 11, 392 
9, 416 136 138 10, 092 
9, 754 (1) 286 10, 967 


* Not available. ; 

1 Each year since about 1940, more than one-half of the primary metal 
has been derived from imported raw material; in earlier years foreign 
sources were not as significant. 

2 Excludes compounds made from metal. 

3 Metal and compounds (cadmium content) not produced from metal. 

4 Metallic cadmium imported for consumption. 

5 Less than 1,000 pounds. 

6 Included with primary compounds. 

7 Bureau of Mines not at liberty to publish. 
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publication) stock changes. Shipments of sec- 
ondary metal and compounds are not included 
in apparent consumption. 

An historical review of supply-distribution 
trends (tables 4 and 5) shows the rapid rate at 
which production and consumption have in- 
creased since the cadmium industry in the 
United States started. The following sections 
of this chapter discuss these factors 1n detail. 


TABLE 5.—Distribution of cadmium in the 


United States, 1929-55, vn thousand pounds of 
contained cadmium 


Year consump- 


|: a ae a 3, 129 Mee Las 3, 129 
| aa ie al eae Pe) 3, 134 ig: nn Pee? > 3, 134 
(| ERR eee ENS: 1, 388 én Ses 1, 388 
1 ae es 1, 059 > Biot decacnas 1,059 
Ee 2, 787 Pe | Neckeaaeennede 2, 787 
YY SA Se 3, 470 Ca ° Te etaeeweeee 3, 470 
| RSS nes 4, 169 "tg! a ER Es 4, 169 
BO ea i Seca ee 4, 836 Me, et 4, 836 
|: OES 5, 923 ict nt SET Te 5, 923 
RE nn ea 4,073 og 458 4, 531 
1 re BRC ey ET: 5, 900 ys SE Se oo 
|) | i ee ae 16,178 2 227 287 465 
"| REPELS eX oF 1 7, 766 2 377 66 7, 832 
CS ee aa ae 1 7, 659 2 305 251 7, 910 
| ART ae 17, 381 2188 157 7, 538 
MONE hg ec en 18, 865 2107 «548 9, 413 
| EES ECIES 8, 642 68 102 8, 812 
Ca ie ae eee 6, 983 361 140 7, 484 
BN ee 7, 727 135 303 8, 165 
| | ai Sian lle aa 7, 797 121 956 8, 874 
DL TEE ae 7, 486 384 566 8, 436 
| SSE BE te ee 9, 546 427 353 10, 326 
1 NR a ae: 7,171 88 606 7, 865 
Tt EIS SER: 9, 008 123 3301 9, 432 
tl ee ea eas 9, 570 60 366° 9, 696 
ER EG PI 7, 424 149 3 999 8, 572 
DS rT Pare ae 410, 689 286 31,394 12, 369 


* Not availabie. 

! Consumption survey (authorized by War Production Board). 

2 Not included in total, because secondary was covered by consumption 
survey. 

8 Includes metal, dross, flue dust, residues, scrap, and alloys. 

4 Primary compounds not included inasmuch as Bureau of Mines is 
not at liberty to publish these data. 


PRODUCTION 


PRIMARY METAL 


The United States is the world’s leading pro- 
ducer of cadmium by a wide margin; approxi- 
mately two-thirds of the total world output is 
produced at domestic plants. United States 
production, however, is not solely from do- 
mestic materials, It is estimated that, since 
1940, about 60 percent of the primary cadmium 
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metal produced in the United States was of 
foreign origin, obtained from imported flue 
dust. and imported zinc, lead, and copper ores 
and concentrates. Mexico was the chief foreign 
source of ores and concentrates containing cad- 
mium, followed by Canada and Peru. 

Tables 6 and 7 present estimates of the quan- 
tities and percentages of primary cadmium de- 
rived from domestic ores, foreign ores, and 
imported flue dusts since 1940. 


TaBLe 6.—Primary cadmium-metal production 
at United States plants from domestic materials, 
1940-656 


Domestic | Estimated | Estimated | Estimated 


mine pro- | cadmium | eadmium | percentage 
duction of | recovered | recovered of ULS, 
Year recoverable| from do- | per ton of | output of 
zinc, short | mesticzine,| domestic | cudmium 
tons thousand zine, from do- 
pounds pounds | mestic ores 
19403. o.oo eee cess 665, 100 3, 000 47 
WOR oa senteneetee se 749, 100 3. 240 45 
102 ee tue ted 768, 000 3, 300 44 45 
IOGS ose cee ecteneeces 744, 200 3, 300 39 
WAR oes Jace leees 718, 600 3, 250 37 
) 7 1, eee eeefes ee Neen 614, 400 2, 750 33 
WONG eo ecesenncece 574, 800 2, 550 39 
W947 os awe neeee eee 637, 600 8, 000 35 
1948 nce de eeee eee ees 630, 000 2, 960 5.1 38 
1949 on ce ceeecee eee 593, 200 3, 200 39 
19502 sce ceesbcce secs 623, 400 3, 900 42 
1951 oo onne ee cece eee 681, 200 3, 500 42 
1952 ioc ones He oe cake 666, 000 3, 000 35 
1963; ieceseetec wee 547, 000 2, 980 5.7 31 
1956624 ce ees 473, 000 3, 700 39 
T0856. cons cose sscccese: 515, 000 3, 350 34 


TaBLEeE 7.—Primary cadmium metal production 
at United States plants from foreign materials, 
1940-56 


Reeover-| Esti- Esti- 

able zinc | mated mated |Cadmium 

from U. S.|cadmium |cadmium j recovered 

imports | recovered] recovered| from im- 
Year of ores | from im-| per ton ported 

and con- | ports of from | flue dust, | Imported 

centrates,| zinc ore,| foreign {thousand | ores and | Imported 


Estimated percent- 
age of U.S. output 
of cadmium from 


short j|thousand| zinc ore, | pounds | concen- | flue dust 

tons! pounds | pounds trates 
1940....] 153,300 1, 660 1, 707 26 27 
1941...-] 245. 800 1, 950 2, 044 27 28 
1942__..| 313, 100 2, 520 9.4 1, 550 34 21 
1943._..|] 456, 400 3, 690 1, 475 44 19 
1944....| 359, 3, 990 1, 540 46 17 
1945_.__.| 324, 400 3, 640 1, 905 43 24 
1946.__.| 231, 200 2, 440 1, 485 38 23 
1947....| 253, 300 3, 320 2, 190 30 26 
1948__..| 224, 600 3, 120 13.6 1, 700 40 22 
1949._..| 205,000 3, 340 1, 685 4l 20 
1950._..| 263, 900 3, 770 1, 825 41 17 
1951__..| 257, 400 3, 280 1, 530 40 18 
1952. _..| 382, 200 3, 680 1, 890 43 22 
1953._..] 436,7 5, 000 11.3 1,77 5l 18 
1954___.| 389, 100 4, 440 1, 408 47 14 
1955.._.] 406, 4, 670 1, 741 48 18 


1 Calculated as 85 percent of zinc content. 


Large quantities of cadmium flue dust were 
obtained from Mexico for many years before 
1940 for processing at United States plants. 
It has only been since around 1940, when United 
States imports of zinc and lead ores and con- 
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centrates first became important, that a substan- 
tial portion of United States cadmium 
production has been obtained from other for- 
eign sources than Mexico. The ratio of metal 
production at domestic plants from domestic 
materials to production from foreign materials, 
therefore, was much higher before imports at- 
tained significant proportions than it has been 
since then. 


Metallic cadmium was first produced in the 
United States in 1906, and by 1917 the United 
States had become the world’s largest producer. 
Production increased rapidly as new uses for 
the metal were discovered and improved recov- 
ery techniques were introduced. Output was 
207,000 pounds in 1917, by 1925 it had more 
than doubled, and by 1931 1t was more than 10 
times that figure. Following a drop to 800,000 
pounds in 1932 (owing to the extremely low 
production of zinc), cadmium-metal output con- 
tinued its upward trend and by 1939, was pro- 
duced at a rate of nearly 4.4 million pounds a 
year. The production of cadmium during 
1933-39 was well above the average yearly out- 
put for 1925-29, whereas mine production of 
recoverable zinc during the 1930’s was consid- 
erably below the 1925-29 average; these facts 
highlight the improvement in cadmium-recov- 
ery practice that occurred in the relatively short 
period. 


Primary cadmium production for 1941-45 
averaged 7.8 million pounds. This significant 
increase was attributed to the huge increases 
in imports of zinc ores and concentrates during 
World War II, from which large quantities of 
cadmium were recovered. Output declined to 
6.2 million pounds in 1946 and then trended 
upward to the 1955 high of 9.7 million pounds, 
under the impetus of increasing demand for 
the metal. 


PRIMARY COMPOUNDS 


In addition to metal Paget, compara- 
tively small quantities of cadmium compounds 
(largely cadmium sulfide) made directly from 

rimary materials are produced in the United 
States and contribute to the total available 
supply of cadmium. The production of pri- 
mary compounds varies considerably from year 
to year; the high was 501,000 pounds in 1947 
and the low 48,000 pounds in 1942. The average 
yearly production for 1940-55 was about 241,000 
pounds. No distinction was made bet ween com- 
pound production from primary materials and 
output from metal (not an addition to total 
supply) before 1937. The production of cad- 
mium oxide and cadmium sulfide from both 
primary sources and from metal is shown for 
1940-55 in table 8. 
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TaBLE 8.—Cadmium oxide and cadmium sulfide 
produced in the United States, 1940-55 


(Thousand pounds) 


Oxide ! Sulfide 3 
Year i 
Gross Cadmium Gross Cadmium 
weight content weight content 
1040) Gojoe ds A, 352 | 79 2, 288 760 
1941. nce cetsc cede 444 339 3, 304 1,142 
1049 ees cess 633 | 553 1,001 300 
(2 eo ee eo 537 a7 67 227 
1944.......-.-.------- 571 500 1, 312 467 
1945........--.--.---- 439 ! 384 1, 732 638 
1046....-..-.--.-.---- 364 | 318 3, 637 1, 226 
1047._...--.-___-__-. 450 393 3, 502 1, 308 
1948... .....---.------ 335 292 3, 137 1, 097 
1049. ose es 571 498 2, 632 990 
1950... 580 , 505 4, 384 1, 571 
1951. 606 | 529 3, 118 056 
1962 oon ote ang 608 | 531 2, 666 899 
1968 ccoccetekie des 1, 094 056 3, 920 1, 229 
19054_.._....--._.._-.. 950 | 838 3, 470 1, 046 
1955._....__-....----- ® | *% 4, 191 1, 48 


1 Includes cadmium oxide used in making other compounds, 1940-44. 
2 Includes cadmium lithopone and cadmium sulfoselenide. 
§ Bureau of Mines not at liberty to publish figures. 


SECONDARY METAL AND COMPOUNDS 


Relatively small quantities of cadmium metal 
and compounds are recovered from secondary 
materials. Production is variable and com- 
prises only a minor portion of total supply. 
The largest quantity produced—427,000 
pounds—was in 1950 and the smallest—70,000 
pounds—in 19538. For 1940-54 production 
averaged 208,000 pounds a year. Data before 
1940 are not available. 


COMPOUNDS 


Numerous cadmium compounds (the most 
important of which are cadmium oxide and 
cadmium sulfide) are produced in the United 
States, principally from metallic cadmium. 
Substantial quantities of compounds, however, 
are manufactured from primary and second- 
ary raw materials, as previously mentioned, 
and only this quantity is an addition to the 
total supply. escriptions of the cadmium 
compounds manufactured, mostly in small 
quantities, are given on pages 21 through 25. 
Data on output are not available for cadmium 
compounds other than oxide and sulfide. 


CONSUMPTION 
PRIMARY METAL AND COMPOUNDS 


Cadmium was first used primarily in paint 
paren and low-melting-point alloys. After 
evelopment of cadmium electroplating around 
1919, demand increased markedly. Further, in 
the 1930’s there was considerable expansion 1n 
the use of bearing alloys containing cadmium. 
Cadmium consumption increased from about 
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100,000 pounds in 1919 to more than 600,000 
pounds in 1925 and advanced spectacularly to 3 
million pounds in 1929; by 1940 the total had 
more than doubled. : 

Stimulated by the national defense program, 
consumption rose to 7.8 million pounds in 1941 
and, owing to the great demand for milita 
purposes, increased during World War II, 
averaging 8.1 million pounds a year for 
1942-45. In 1950 apparent consumption 
reached a new high—9.5 million pounds— 
chiefly because of the large defense demands 
generated by the war in Korea. Consumption 
of cadmium in 1951 was curtailed enough to 
enable available supplies to meet all military 
and essential civilian requirements, despite a 
24-percent decrease in total supply. Domestic 
utilization declined to 7.2 million pounds, 
sll largely to restrictions placed on end 
uses by the National Production Authority 
Cadmium Conservation Order of January 1, 
1951. This order was revised May 15, 1952, and 
consumption of primary cadmium in 1952 in- 
creased 26 percent to 9 million pounds. In 
1953 a new peak of 9.6 million pounds was 
established. In 1954 apparent consumption de- 
clined to about 7.5 million pounds, but in 1955 
consumption of 10.7 million pounds exceeded 
that in any previous years. During 1948-55 
apparent consumption included large purchases 
of cadmium by the Federal Government for the 
national stockpile; hence the true domestic con- 
sumption for those years was considerably less 
than the apparent quantity consumed. 


TaBLE 9.—United States imports for consump- 
ton of cadmium flue dust (cadmium content), 


1986-56 
(Thousand pounds) 


(U. 8. Department of Commerce] 


Year Mexico | Others Total ! 
VOB iso os i ern aot et toe Teh. 3's 1,200 |.._._..... 1. 200 
1S Y eae earn ieee SECO ie Se, SR RE 1,366 | ._..2 0 . 1, 368 
MDS 5 G3 ttn The Ae AN Aree rete teen kee DGG Ao eteeee 1,677 
DSS rte one Sethe see ia ee eA eG 1, 704 |... -_ 1, 704 
OAs ce i se TN te anche etn hah 1,891 |... 22 Le. 1, 891 
1041s, coerce ate Aeon Pos San 1, 384 9 337 2, 321 
TOAD a Ber oe Aa as ats Baa a ae 1,724 |..22.22 22. 1, 724 
1GAD 2 eet te fa Jo lng en ois att , 843 fo. 1, 643 
DAG a rhe are tee oe Sere oe BEES SLA 1,689 [... -.. 2. 1, 689 
145 one ee te ls eee oe hd 2,193 |. ......_. 2, 193 
DOA stein ced Be page hang ts 1, 609 344 1, 653 
BOSD oi eee ee ee a tn ee 2, 366 |... 8. 2, 356 
YEE, Seep a RTE eet tet PREG SRI ete NICE RPC Oe OEE 1, $28 (4) 1, 828 
A ie ecard el oe Made 1, 787 3 1, 790 
POO dete laa i ieeel MOR Ee Cate hs ap aut oubkss 2 1, 602 |. -2 ee. 1, 602 
BO 9 ete on ee eect at anes eats 1,607 | oe ese 1,607 
1902: 3.50227 ove sa eee bio snot a 1. 985 67 ], 992 
N59 aoe eae eau ces eens e 1, 865 1, $65 
1OD4 cea er ih Sd oe ats aiee ead oe oS 1,483 |... _._.- 1, 483 
MOSS ee hee Gala fo at A roca s L883 Vie coze cece 1, 833 


1 Cadmium content estimated as 90 percent recoverable through 1948; 
improved recovery methods since then have raised it to 95 percent. 

3 son ee Africa, 334,000 pounds; Union of South Africa, 3,000 

unds. 

3 Netherlands. 

4 AuStralia, 600 pounds. 

® Brazil. 

6 Canada, 3,000 pounds; Peru, 4,000 pounds. 
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SECONDARY SHIPMENTS 


In addition to primary consumption, ship- 
ments of secondary metal and compounds to 
consumers are included in total distribution. 
Data before 1940 are not available, and for 
1940-44 the consumption survey included sec- 
ondary as well as primary metal and com- 

unds. For 1945-54 shipments averaged 
around 191,000 pounds a year, or approxi- 
mately the same as average production. 


FOREIGN TRADE 


The United States depends upon foreign 
sources for approximately 45 to 65 percent of 
its annual cadmium requirements. It is esti- 
mated that since 1940 about 60 percent of the 

rimary metallic cadmium produced at. United 
tates plants was of foreign origin. The cad- 


mium content of imported flue dust is recorded ; 
but the content of imported zinc ores and con- 
centrates (from which approximately 60 per- 
cent of the cadmium of foreign origin is ob- 
tained) is only estimated. (See tables 6 and 7.) 
Almost all of the imported flue dust and a 
large proportion of the zinc ores and concen- 
trates are obtained from Mexico. Canada and 
Peru are other important sources of cadmium- 
bearing materials. Substantial quantities of 
zinc ores and concentrates containing cadminm 
were also obtained from other countries, nota- 
bly Australia, Argentina, Belgian Congo, Bo- 
livia, Chile, South-West Africa, and Spain 
during 1940-55. Tables 9 and 10 show im- 
ports of cadmium flue dust for 1936-55 and im- 
orts of zinc ores and concentrates for 1940-55, 
y countries. Before 1940 the quantity of cad- 
mium recovered from imports of zinc-bearing 
raw materials was small. 


TABLE 10.—United States general imports of zine ores and concentrates (zine content), by countries, 
1940-565 
(Thousand short tons) 


{U. 8. Department of Commerce] 


1940 1941 1942 1943 1944 | 
| 

AFPeNntiNng: sc22054 sees sewces ewes 7 21 23 54 22 
Australiae..< cu ceedoe oe wey 2 9 32 122 42 
Belgian: Cong@owc a2 «eid eee eee aes 13 3 iE ease telat csr a alla a nasi et 
DOVIVUS 5 ceeeceie de See cel ae pa 3 6 5 
Canada * 2.2. ceo sole once merous 58 57 109 143 | 131 
CNilee coc genneeoscects cece tsece 1 2 7 Ce coer 
WalVeeee cect eee ee ee ose ta a oe Sale ee oe te Feetetetatetetel iaieieiatane ieteteieeie 
JORDAN oe eee ee eae he ae la ea ee a ee ota Beall ts ee leeeP nema sie Sp ee Shea Pollet Gere 
WMP OSIA VIS sso ore eS Sas IN Se eis aya eal os el Sh Se [eee een eee Reever St Catena ve: een ee 
MGx1C0 285 diel id oo ee Ss 94 148 161 166 178 
POTS orcs oar eh eee Sal te ers 17 29 28 22 44 
he} 01-16 0 aes one ean eO ag See BORO ELISE EO SOE at ie: pe > | ape eee mL | ORI Para RUE PTT SOROR [er PEGS at (Aes sao 
Union Of SOUUH AlriCist 222s eet ess ol cs fe cr a Sa ea Sacha ee ee rsa eae ly ott al Oe Aa 
CHONG rtd Seta espe ecu See Ne tS 2 ae Re cian (eee ea a ie als a ele cee em el ec 

"TOUAl ito tee ceasticeeee 182 290 369 539 424 

1948 1949 1950 1951 1952 

ATQeNUINA 2246 oe Se te ee ees oer ee eee 6 | | LRN ET, cette erst (eens terre 
Australie. c0csensciet Ret esos seus 1 i) 2 3 2 11 2 6 
Belgian: COnge + 26:26. 3on eos sets Gabon ee een ee Sel eee a ee el Se earl ee ee 
BOWVi Gece tarot eee are et 5 4 4 8 15 23 11 ? 
Canada! gcc me toe ee ets 65 61 78 97 149 166 157 173 
CU ks ec Sal rt rents halla eee tna ae teste Nal Seen ee 3 2 5 
DY ose Sih oF, ile hae wae | WG CSN eae ceeeece as] eee ae teeters [toe pe ten (entOne per a etrcectccitel a peor sree & 
JAPAN 22 ne ec esa cesta tee ce OD Meet caiea es a sche | Gas aed na | erence eae eet merges Pe ee re I 
VUpOSlGVIGs c260 64 cen et skeen loceeee elon Boel aces 2 3 11 1 meee cee 
MGENICO sco cnt Sonatas ee cet 142 144 155 144 201 169 176 187 
PCRs 2a in cea ee Se es 23 15 17 29 44 84 93 | 83 
Bpaiicet ie ete te ee Se as 9 5 18 4 17 Qld perciee, baNE bes 
Union of South Africa..........---- 2 7 4 3 5 13 4. i) 
OUNCTS geo ie oe ee an 2 1 1 7 12 | 16 5 17 

TOte) ons coecerssuoesdsoads 265 242 279 304 478 


1 Includes Newfoundland and Labrador. 
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SURVEY 


TaBLE 11.—United States imports for consumption of cadmium metal, by countries, 1941-65 


(Thousand pounds) 


{[U. S. Department of Commerce] 


Reieian | Belei- | 


Aus- 
Year tralia , Congo um-Lux- Canada] Egypt Germany 
embourg. | 
peer) (eee cht IS SS nM te aes 
CY ee aa 53 
G43. _ WY ais Ss Woeee. J8ae ee sont coe eek ead Doce ee 
VAG geet ee Mon ease LS See eee No ptsata toe oe Mains alee eae 
yah. . < BO ese ee ES ind L. eccrine ated ceeds 
WHO) Lorevesecte ic ecclveed! 7 2 BY nd Soa Pe ioe eee ald 
1 ee eee ee Me os oy aia! itll oie EA abe 2 TS: sce teue ss cena Sade 
$5. ee. | pouciaciese usa raneadtios OP sated acts rae os dais 
WHOs cle coe ee ; Polceapeecee 49 (Se Moai bei See ene 
| Eee eee er | wwe see eus | 144 258 ) ane eera rege eee 
(al. chet nece Miet oes | 53 | ete asec cctitsaelay as 
| “8 1105 WO Siete ces 6 
1953) a cisc re oe 123. chek od RS vee +S | 4 
LICK tases: | OO! Magne den es 93 LOG grgnttists ip 2 peeeeoe eee 
WI oe eece betes eee ee Gon 176 Mi etuees: | pis bbiehes 
| 


United States imports of metallic cadmium 
have been relatively unimportant in proportion 
to the total supply of cadmium available for 
consumption, except for 1952-53, when record 
quantities (1,479,000 and 1,555,000 pounds, re- 
spectively) were imported. The 1953 total was 
more than 14 times greater than the 1940-51 
yearly average (108.000 pounds). 

Exports of metallic cadmium from. the 
United States have never been large compared 
with the quantities consumed domestically. 
During 1940-51, exports averaged 381,000 
pounds a year—less than 5 percent of appar- 
ent consumption. Exports vary widely from 
year to year and in recent years have ranged 
from 66,000 pounds in 1953 to 1,394,000 pounds 
in 1955. Countries in Western Europe re- 
ceived the bulk of United States exports dur- 


| re | 


| Nether. | New | Nor- ' United 
Italy Japan lands Zealand! way Peru King- Total 
om 
PEN, | CO Se PRED Neer eer ie ee ee, eee, ee | 

Bits oll cae ers li | 200 
| BS} 
Vids oRth oak Mi sct et Sg acl eal A cheer a Mle Gre cts ole Oreo se 49 
Dee eto ue Si Oa iceti uM eo nesaaaee | Ly eee 67 
SEA eEteue tees see eee oe. coe esata ee eee ee 29 
re ee 
sheath SS oentate Nee Ay Soe Bn ae ape ade ete, cages Read AS qe. 28s oseoe 2! 
miners aa este spa Eh ate ee Grek A Na Nhe ee gh RE  Teee eee 10 
Piers =" * oA ME Satctee Ae oh te ks Lie Pe teen 2 ose sr eaee 158 
4! 1uh 34 De covet tee 32 1 | 630 
wotuess | W Be kaa ede et aN eae ce An ose 90 
eM Pe, | ON een Date ch hs lL aay, ha ml ta ate foe an eagva eee ees ee oe AS 1. 478 
6 211 3 28 66 | i ene 1, 555 
Pal MAY oak ceeeoee teat teh Se erate | DU ieeke deus 42 
te) | 3s Dine a tevicictalatle heads ele SLs 2 | Di geentiacats | 925 


ing World War II and the postwar years— 
the only time when exports were significant. 

The taritf on nmported cadmium metal is 334 
cents a pound, as established by the Geneva 
Trade Con ference of 1947. Cadmium contained 
In flue dust is admitted free. 

United States imports and exports of metal- 
he cadmium are included in tables 11 and 12, 
respectively, 


STOCKS 


There are several classifications of cadmium 
stocks—producers’ stocks of metal, compound 
manufacturers’ and distributors’ stocks of metal 
and compounds, consumers’ (other than com- 
pound manufacturers) stocks of metal and 
cadmium contained in compounds, and Govern- 


TABLE 12.—United States cadmium-metal exports, by countries, 1948-56 ! 


(Pounds) 
[United States Department of Commerce) 


1948 1949 1950 1951 11952 11953 11954 11955 

Argentina_._._...._..----------- 4,700 2, 200 1, 200 600 PMS 10s Gene aeeen vee: (nga menere 6, 800 
AUS(TiAsesces JSekiele woke wee 8, 900 7, 400 DY se ea ies a eh ah eit 8 lee 2 eae Ge Male athe iment 
Belgium-Luxembourg..--.-------- 75, 700 | 19, 500 DOW aia ne aoe alerts de 20, 600 17, 900 
|): 7 | eee ee nD dts ON Re EI 900 1, 200 400 4, 300 1,900 400 | 14, 600 800 
Gr: 1: ta (: eee ene mee ant ony Se - RereTne eget 42, 100 6, 600 4, 800 1,300 | 11,600 | 22,000 | 29, 400 6, 900 
2 0 | (eee ee ms On eet eco ee eI 500 900 |__------ 1, 300 2, 500 2 OOO Hacc settee Sehs ec le Z 
| OF 25 6 cl: Ree Re en ey Ce 225, 900 |254, 200 | 72, 700 (253, 300 | 80, 500 |_-..- 2 _}-- 22 ee 11, 200 
Germany_.__.__............-.._- 271, 800 | 92, 300 {126,500 | 25,000 | 11, 800 | 23, 500 |308, 300 | 307, 000 
NEGKICOn sont oe ece a eat eco! 2, 000 6, 800 3, 000 4, 300 5, 100 3, 300 9, 900 12, 600 
Netherlands. ___...._.__....----- 73, 100 | 39, 700 9,000 j__-.---- 1, 700 5, 500 | 43, 400 187, 200 
SWEdCi ii aoa cbse nel eoiemed 29, 000 | 31,300 | 31,600 | 11, 500 3, 600 |. -22 228. 33, 100 7, 500 
DSWILZOTIANG sone ccuis owed ei Sete 84, 500 | 21, 500 j.-_-.---- 3, 700 1, MOO} leesencs.c 8, 80 4, 500 
United Kingdom______..--------- 116, 600 | 46, 600 | 97, 400 ‘296, 000 1169, 500 |_-----2-- 507,100 { 811, 800 
Yugoslavia_.._.._______________- 2, 600 7, 400 600 2, 600 3, 0OO 3, 600 2, 200 300 
COUNCIS thio) 2 Suh ese eek ied 17, 400 | 28, 500 2, 000 2, 300 6, 300 4,800 | 21, 600 19, 400 

POUN ete dea cred ceca 995, 700 (556, 100 |352, 900 |606, 200 300, 900 | 65, 900 |999, 000 /1, 393, 900 


' Includes dross, fue dust, residues, scrap, and alloys as well as metal. 
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TaBLE 13.—Cadmium stocks at end of year, 
1940-56 


(Thousand pounds of contained cadmium) 


Total | Metal-; Cad- | Total 
ecad- , lic cad- | mium cad- 
mium |} com- | mium | mium com- | mium 


pounds pounds 
Producers. ......--- §52 67 619 452 104 556 
Compound manu- 
facturers_......--- 171 234 405 54 147 201 
Distributors !....... 203 53 256 82 15 97 
Government_.______|_-.-----}---2 | -Actemmion 114 |__.._-_- 114 
Total....._... 926 | 354 | 1,280; 702 2665 968 
Consumers 27__.....- 1, 501 | 64° 1, 565 | 1, 536 106 1, 642 
| 1942 1943 
Producers. ......-.. 388 89 477 406 22 428 
Compound manu- 
facturers_.......-- 12 124 136 30 92 122 
Distributors !.._.._- 131 28 159 410 37 447 
Government.......- ZO ceees c 201 1,430 |__.-_2-- 1, 430 
Total.___-_._- 732 241 973 2, 276 151 2, 4127 
Consumers ?__.._...; 1, 283 83 | 1,366 911 69 980 
1944 1945 
Producers.....-.--- 307 63 370 246 |_..----- 246 
Compound manu- 
facturers_.__-..._- 12 63 75 12 123 135 
Distributors !._..-.. 359 63 422 390 45 435 
Government.._.._.- 1190 leccecues 1, 190 907 |....---- 907 
Total....-.--- 1,868 | 180 | 2,057 | a ee | 1, 723 
Consumers 2_.____._- 924 46 970 (3) (3) (3) 
| 1946 1947 
Producers. ....-.--- 260) food cs 260 444 |. 444 
Compound manu- 
facturers.......--- 25 76 101 27 215 242 
Distributors '_...... 126 22 148 319 49 368 
Governinent..__.._- 5B1 |---- ee. 581 484 | eutcwes 484 
Total......... 992 ag | 1,090! 1.274! 2641 1,538 
1948 | 1949 
Producers. ...------ 352 \esnsee cs 352 ht 0 > Ate Deena ener 502 
Compound manu- 
facturers__.....--- & 88 06 10 164 174 
Distributors !_...._. 83 39 122 185 40 225 
Total 4... __.- 443 127 570 ! 697 204 G1 
1950 | 1951 
Producers. ....----- 52 even ese 512 860 |... ---- 860 
Compound manu- 
facturers.......--- 15 187 202 58 247 305 
Distributors !_..._.- 48 61 109 205 7 284 
Total 4.._.___- 575 248 823 | 1,123 | 3261 1,449 
1952 | 1953 
Producers_...------ 1, 503 |..-.-.-- 1,503 | 3,047 |.....-.- 3, 047 
Compound manu- 
facturers........-- 189 225 414 77 417 404 
Distributors !__..__- 202 67 269 256) 75 331 
Total4....._.. 1, 894 292 | 2,186! 3,380! 492! 3,872 
1954 1955 
Producers. ...-..-.- 4, 542 |....---- 4,542 | 3,129 |._....-- 3, 120 
Compound manu- 
facturers....-.-..- 99 469 568 129 301 430 
Distributors !.....-- 244 49 293 | 359 83 442 
Total 4_.......| 4,885 | 518 §,403 ; 3, 617 384 4, 001 
Consumers. ....---- | 738 152 ae 784 193 977 


1 Comprises largest deulers. 

2 Partly estimated. Includes somrne material In process. Excludes 
stocks of compounds held by pigment and chemical consumers, 1940-44, 

3 Consumers’ stocks, 1945-53, not available. 

4 Excludes national strutegic stockpile, 1948-55, 
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ment stocks of metal. Table 13 shows stocks of 
cadmium for 1940-55. The quantity of cad- 
mium in the strategic Stock nile. urchased in 
1948-55, may not be divulged. Data on con- 
sumers’ stocks are not available for 1945-53; 
the stocks of metal and compounds (metal con- 
tent) together are believed to have been main- 
tained at 1 million pounds a year for the period. 

Excluding Government and consumers’ in- 
ventories, stocks reached an alltime high of 
5,403,000 pounds at the end of 1954, culminating 
a rapid rise that began in 1951. Producers’ 
stocks (accounting for more than three-fourths 
of the total) were about 4 million pounds higher 
than the quantity that producers normally hold 
or would like to hee on hand. The increase of 
1.5 million pounds in total stocks in 1954 was 
brought about by maintenance of high-level 
cadmium production. At the same time, busi- 
ness activity declined in those industries that 
consume cadmium; for example, production of 
automobiles in 1954 was down 9 percent, and 
that of trucks and busses was 14 percent below 
1953. 

In the war years (1941-45) year-end stocks, 
excluding consumers’ and Government supplies, 
averaged 861,000: pounds, or slightly more than 
1 month’s supply, based on the average yearly 
consumption for those years. Total stocks at 
the end of 1954 were adequate for nearly 9 
months’ consumption at the 1954 rate of use. 


MARKETING AND PRICES 


Cadmium is commonly sold as sticks, bars, 
balls, and, to a smaller extent, ingots. Much 
metal is also marketed as anodes, or special 
platers’ shapes, which command a premium of 
approximately 5 to 10 percent above the price 
for reyular shapes. Quotations usually are on 
a delivered basis. 

The American Society for Testing Materials 
has no specifications for cadmium. Although 
attempts have been made in recent years to es- 
fibliah market requirements of more restricted 
and uniform nature, standards have not yet 
been promulgated. Platers are rather lenient 
with regard to lead (0.05 percent maximum) 
but are insistent on limiting the thallium con- 
tent to 0.005 percent. Bearing manufacturers 
are willing to accept up to 0.05 percent thallium 
but limit the lead content to 0.02 percent. Some 
marketing specifications are shown below: 


Bureau of Federal Supply 


Percentage 
CAG MIM soos ers oe eee ah 99,90 min. 
CODDChe sce soca sale Cede esa .O1 max. 
DO Whee fers he A oe a a ees .O1 max. 
Lead+ silver4+ tin.._....-2--2- eee .05 max. 
PANG oe a re es Sie Anne, Bat D atic dine .05 max. 


. O05 max. 
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Plating industry 


Percentage 
BT pe te ea eee aes 99.90 min. 
1000 + SII VOP Wi ee es eee ecce coe .05 max. 


Antimony-+ arsenic+ thallium ___-_---- . 005 max. 


Bearing manufacturers 


(A) 
COPeOi = Ries eG ceeen ees ews 99.90 min 
| OES Pe LC oan a RN .10 max 
55 +) oS aE ay REESE Ee eA .02 max 
EE, A ALD IO AOR ON .02 max 
PT DS ae, are he ee eee Se eee F Ol max 
ABVIONS 3252 6dtbhcaws needs sense Ol max 
ea os ak eS a a oe ie ee i 005 max 
(B) , 
SO 1 | eh Re REA DEERE BEE Remainder 
CAO E icicle gS baleen ovanhaaehee 0. 40-0. 60 
Raa aren ere Ore Po . 60— . 80 
1, 1701 1: a een ee ee Serene ents .2060 max. 
a ee: ee Lee ee er ee .02 max 
2 IE AE HLCM PEON PAE IOS ONE .05 max 
cAI Serre eee ity ar my 1 el ry .02 max 


Cadmium is a fairly expensive metal; for 
1925-55 prices ranged from 10 to 20 times that 
of zinc. The quoted selling price of commercial 
cadmium sticks increased more than 300 percent 
from 1939 to 1951, whereas the real price in- 
creased only 88 percent (see table 14). Com- 
parison of the 5-year period, 1936-40, with 
1951-55 shows a change of only 8 percent in the 
real price compared with a change of 134 per- 
cent in the quoted selling price. 


During World War II the Office of Price 
Administration fixed the price at 90 cents a 
pound. 


TABLE 14.—Cadmium-metal prices in New York, 
1936-65 


(Price per pound for sticks and bars) 


Year Average Real price 

price ! (1954= 100)? 
RNG se 5s Ck ncea ceed as $0. 92 $1. 93 
0) 5 TS ieee ne pa ee 1. 30 2. 55 
[aces TELS Pee . 82 1. 77 
a RE Oe . 59 1. 30 
a here iat ein tend, . 80 1. 73 
int | SEA eee nee ee yearn a . 88 7k 
ee os ceo adticestesccsa . 90 1. 55 
BA ich dt atid aed maemectneh ee . 90 1. 48 
Pn Sp scaMaast tee ae Se . 90 1. 47 
Do ite cect eke . 90 1. 44 
TO Gea alis aa eee be 1.10 1. 54 
1 ee te Pe See ge Te 1 72 1. 97 
Bs Bie a ns aaa 1. 83 1. 93 
iE a Na Ne elite RAR 2. 00 2. 22 
| £11 | SiS ORS eae iy eras 2. 17 2. 32 
|S eae Ee ER A 2. 55 2. 45 
D0 at atten wie nee 2. 44 2. 41 
ONG ane esethateawawads 2. 00 2. 00 
LTS en a ee ee 1. 73 1. 73 
MONG a vateaceh Soacbepaseds 1. 70 1. 69 


1 Source: American Metal Market, Metal Statistics. 
2 Average price deflated by wholesale price index. 


FOREIGN SUPPLY—DISTRIBUTION 


Analysis of the world supply-distribution 
position in cadmium is beset by several difficul- 
ties, chief of which is lack of comprehensive 
data on consumption. Production statistics are, 
for the most part, available; but except for a 
few countries, consumption figures are lacking. 
Whether shortages or surpluses exist depends 
to a large degree upon activity in the United 
States, which is by far the leading world produc- 
er and consumer. During World War II and 
again in 1950-51 cadmium was in short supply 
due to the demand generated by war and de- 
fense efforts. Foreign producers obtained 
premiums for cadmium sold in the United 
States in 1950-51, while in 1952-53 imported 
cadmium sold at discounts, 

In 1953 world production (excluding eastern 
Europe) of St coemge metallic cadmium totaled 
about 14 million pounds, and apparent con- 
sumption (also excloing eastern Europe) was 
estimated at approximately 12 million pounds. 
Production in 1954 and 1955 was estimated 
at about 15 million and 17 million pounds, 
respectively. 


Digitized by Cox gle 


PRODUCTION 


United States production of cadmium metal 
is not solely from domestic zinc ores; the output 
from these ores constitutes about 25 to 30 per- 
cent of the world total. 

Other large producers of cadmium raw mate- 
rials are, with one exception, leading zinc pro- 
ducers. The exception—South-West Africa— 
is not one of the larger zine producers but, by 
virtue of the high cadmium content of the ore 
mined, ranks among the outstanding cadmium 
producers. South-West Africa exports lead- 
zinc-copper concentrates containing large quan- 
tities of cadmium, principally to the United 
States, the United Kingdom, Belgium, and 
France, where they are processed to recover the 
metal content. 

Mexico ranks first as an import source of 
cadmium-bearing raw materials (zine ore and 
flue dust). It is believed that, in some years, 
more cadmium was obtained from these mate- 
rials than from United States ores. The con- 


‘centration of cadmium in flue dust from Mexi- 


Original from 


THE OHIO STATE UNIVERSITY 


FOREIGN SUPPLY—DISTRIBUTION 33 


can lead- and zinc-smelting processes ranges 
from 5 to 70 percent. 

Canada and Australia, both leading zinc pro- 
ducers, are important sources of cadmium. The 
bulk of Canada’s output is recovered at Ca- 
nadian plants, while about half of Australia’s 
supplies are recovered at domestic plants, and 
half is contained in zinc and lead concentrates 
exported, chiefly to the United Kingdom, and 
recovered there. 

Belgium and the United Kingdom—working 
exclusively on imported materials—are signifi- 
cant producers of refined cadmium. Japan, 
Norway, and Italy, operating on domestic ma- 
terials, and France, treating imports, also pro- 
duce sizable quantities of cadmium metal. 


Germany formerly recovered large quantities 
of cadmium from the cadmium-rich zinc ore 
of Upper Silesia, but with cession of that terri- 
tory to Poland after World War IT Germany's 
output has declined considerably compared with 
prewar production. Poland and the U.S.S. R. 
produce relatively important quantities of cad- 
mium. Production from these countries is 
mostly estimated. Other producers of metallic 
cadmium include Belgian Congo and Spain. 

Peruvian lead and zine concentrates contain 
appreciable quantities of cadmium. Concen- 
trates are exported, chiefly to the United States, 
where the cadmium is recovered. 

Table 15 shows world production of cadmium, 
by countries, for 1940-55. 


TABLE 15.—World production of primary cadmium metal, by principal countries, 1940-66 


(Thousand pounds) 


1940 1941 1942 1943 1944 1945 1946 1947 
AUStIAlia 225 e2oe coe ee ee 386 430 366 400 998 542 511 46] 
Belgian Congo. ..-..---.-----------|-------- 7 60 51 47 40 36 57 
Belfi? 2c chose secu es eceeces ss N. a. 251 2 89 2 70 22) Nua. 196 190 
Canada. ecesced hie hee et ed 908 1, 251 1, 149 787 527 646 803 718 
Wranc@..2.0 ce ne cee Secure 220 44 22 22 12 15 104 95 
Germany 222: ¢2025 sseesuceceusees 653 820 536 608 460 | N.a. 2 3 
Lely concedes eee eet ese sax 474 406 270 158 86 63 88 85 
JAAN sco 26a cc 3-eeeee eee ei ee N. a. N.a 3 225 3247 8 187 349 17 19 
Wexie0 4. ce eee ke eee 1, 798 1, 999 1, 883 1, 768 1, 504 2,321 1, 581 1,715 
NOPWSY Saco sen sess eee 63 5 30 25 23 29 62 110 
MN iat tl ee ea A ane ce hs Oa 5) 5 21 2 3 
Poland sce eee eee Gee 518 920 ol] 485 430 108 253 265 
a emda Africa ®>._...-.-.------- 87 MTF Visser oh che Noe Neches Sut es Beet ee 
bane aR Efendi tne Py ea et TS See amen eMart) | meee NE een, Capen ten, Derertrny (MT ce ene) (Rc ee geome |r Ree eS | em een (nr peer ne ee 
Ae As eae 5 Oat ene eee RE eee eR ee Meet 110 110 110 110 110 110 110 126 
United Kingdom_____-___---.------- 403 327 351 417 455 49] 268 23-4 
United States_._______--------_---- 6, 154 6, 938 7, 323 8, 396 8, 453 7, 933 6, 200 8, 007 
1948 1949 1950 1951 1952 1953 1954 1955 
AUS TTAUIS 2 22 ott eee ee 646 582 659 517 641 665 645 674 
Belgian Congo__..----------------- 40 54 65 54 45 71 139 366 
Belgium so eeee settee ee woes 347 326 805 990 1,210 1, 040 1, 100 1, 050 
CaNad8 soc 2e 2 ctatie ese Seco 766 846 848 1, 327 949 1,118 1, 087 1,919 
PYANCC@ sco tees eee eee oes 110 128 158 187 195 283 313 397 
Germany, West_------------------- 8 11 26 154 141 227 618 709 
(al Vises tosoune te etectoceyecsas 104 163 165 441 293 401 458 433 
JADA ee soceu cio scckes ee sdos tease 42 116 199 259 367 459 611 757 
MeGSICO (ics) see Se tees 1,995 1, 808 1,519 1, 969 1, 618 2,113 1, 130 2, 855 
NOPWSY 2256555 sosce see eel ete 137 157 174 221 163 197 178 255 
Persie ).23 s2cenetos oor eess pee 4 2 + I [eae ee, 38 23 66 138 
PolsNG 2 26 Ooo eee oe 350 6 529 530 400 420 485 § 500 § 550 
South-West Africa §.....--.-------- 1, 140 1, 662 1,344 1, 434 1,112 1, 194 1, 620 1, 402 
BpeIN ioc casera csea causes esas 12 11 10 9 12 16 21 29 
U. Os. We eee cee ese cee eee 128 128 150 180 225 275 300 330 
United Kingdom..__-..------------ 255 226 262 326 347 380 316 337 
United States...__..._-.------.--- 7,583 | 8,023 | 8,849] 8,114] 8,388 | 9, 682 | 9,416 | 9,754 
tes e: ted. 
Teese ie ee aryer of raw materials exported and reduced to metal 
3 Approximate. elsewhere. 


‘Content of flue dust exported for extraction elsewhere. Does not 
inelade recoverable cadmium content of zinc and lead ores and concen- 
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¢ Planned production, 
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TaBLe 16.—Apparent consumption of cadmium in some foreign countries, 1941-56 


(Thousand pounds) 


[Minerals et métauxz, Société anonyme, Paris, France, Statistiques, 1950 and 1956] 


) | 


Year Belgium- | Canada France Italy Norway United 

| Luxembourg | Kingdom 
1a areata eee Noa. 298 | 44 253 10 N. a 
2 eee anne enn Noa. 414! 24 337 13 964 
TL eam ena ee Nia. | 336 | 22 225 10 827 
TB 0 ik ae Oy ko tS IS ue nade N. a. 216 : 11 N. a. 5 844 
hae eine ora aeten a N. a. 174 | 262 N. a. 20 985 
HON db een Dae ewes: N. a. 192 408 22 21 1, 216 
acne ope teas See 27 144 478 42 117 1,117 
ee ae ate ors 33 186 551 | 60 1 20 1, 199 
a eat ee eR eT 33 224 616 | 88 N. a. 1, 045 
tees ele fled ees, 33 | 232 626 150 N. a. 1, 257 
et eee ae a 55 | 29] 750 412 N. a 1, 682 
2 ae ve 232 394 | 322 N. a. 1, 292 
OR Eesti PaO nage at 79 264 508 333 26 1, 392 
ere eee a ier ee nelle 106 196 679 404 24 1, 739 
Eee he mit te oh aia 154 247 1,058 N.a 19 2, 165 

Es.matei 


CONSUMPTION 


United States consumption of cadmium is 
usually approximately three-fourths of the 
world total. The United Kingdom is the sec- 
ond largest consumer, using, In recent years, 
over 1.5 million pounds annually. France, Ger- 
many. Canada, and Italy are other leading 
cadmium consumers. Table 16 shows consump- 
tion in some countries for 1941-55. 


The consumption pattern in Europe is differ- 
ent from that in the United States. In Europe 
cadmium batteries have been in wide use for 
many vears; hence, consumption of cadmium for 
that purpose is relatively Jarge. Table 17 
(showing consumption of cadmium in_ the 
United Kingdom, by uses, in 1952-55) is 
illustrative. 


TaBLe 17.—Consumption of cadmium in the 
United Kingdom, 1962-55 
(Pounds) 


(British Bureau of Non-Ferrous Metal Statistics, January 1056, und 
August 1057] 


ee ee C-- 


Use 1962 1063 1054 1955 
| 
Plating anodes O00, FO fd, DUM) 742, 300 1, 022, 100 
Plating salts. Hho, 400 100, SOO) 145, 000 21s, 700 
Alloys: ; 
Cadmium. 
copper 147, 100) 115, 000 1h, 700 144, 00 
Solder. 44, OK) ns O00 M100) Kh. 700 
Other alloys 41, 200) 440.000 47,40) 64, S00 
Batterles: ; 
Alkaline... 147, 7009 bot 200 pn, SO 177, 400 
Dry..... a itW) Ii zon 10, 200 10, 300 
Colors 140, 100 ny AON) Kh, 400 KONO 
MIscellancous ZA, wan) st, oy Af, fam Ht, 400 
Total. . N21, 7000 |, Ary, fat |, 780, ta) 2,164, 100 
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TRADE 


Information on the volume of trade in cad- 
mium between foreign countries is incomplete 
and, in some instances, conflicting. Neverthe- 
less, available data do show the relative posi- 
tion, with respect to supplies of cadmium, of 
the more important araducine and consuming 
countries. 


TABLE 18.—Imports of cadmium of selected 
European countries, 1945-66 
(Thousand pounds) 


{Minerais ct métaux, Société anonyme, Statistiques, 1950, 1956] 


| 
| Belgium. | United 
Year | Luxem- France Germany; Italy , Sweden | King- 

| bourg . | dom 
aa eRe So a ane | t 

i | 
45 | Noa. (ee re 43 839 
Ldn. 27 Sey ae eit Cen Sed, ine 143 835 
1947. Noa. een eae ais 127 781 
14s 40 a2 Le ae eres 193 1, 042 
1049_ 27 4n4 TW! Beh 220 es 291 68h 
1s. 4) 372 134 Goce cece es | 236 1, 089 
195] 33 b20 29 sts ae os 214 1, 492 
hp Pt 200 Piss | 35 249 1, 391 
1053 Pav] Pon 1 403 21 | 174 | 40 
ant. 49 | 307 iS 5 10 295 1, 636 
1955 63 63 | PG) | 192 | 1,922 


! Statistical Summary of the Mineral Industry, 1950-55, Colonial Geo- 
logical Surveys, H. M. Stationery Office, London, 1957, p. 61. 
2 Less than 1,000 pounds. 


The United Kingdom, the second-ranking 
consumer of cadmium, depends wholly on im- 
ports for its industry needs. Substantial quan- 
tities of cadmium contained in imported 
Australian zine ores and concentrates are re- 
covered in the United Kingdom, but most of the 
country’s requirements are fulfilled through 
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TABLE 19.—Erports of cadmium of selected foreign countries (domestic produce), 1945-66 ! 
(Thousand pounds) 


{Statistical Summary of the Mineral Industry, 1949-54, Colonial Geological Surveys, H. M. oye aE A Office, London, 1956, p. 57; Minerais et métaux, 
Société anonyme, Paris, France, Statistiques, 1953 and 1956] 


Exporting country 1945 1946 1947 1948 | 1949 | 1950 

| aS See a SS 
0) eS ee 506 | 298 215 195 390 | 383 
TE NIOD 4 ii Sis aero do wee catne ae 26 N.a N. a a. 70 
Belgium-Luxembourg- --_-....----------- 18 220 N.a N.a 999 1, 003 
I TR ee Se nw anwaaucadtane 350 592 618 596 634 676 
PT yo on nih lyahas Gur ta chas tail mis elms queen hiss & PAS ee 44 | 44 44 88 17 
PS 6 tn Se oo uw pucm cou ceseeu 2, 321 1, 581 | 1, 661 1,997 | 1,733 1,518 
DE er etistts os cee co ceka dev ctunce 2 48 94 81 | N. a. N. a. 
Re a Sa cho #s> wilawcdadcdbanncanc 2 5 3 4 2 3 
MOOT San er ee eae ae 88 221 N. a. N. a. | N. a. N. a. 
Boutn-w est Africa *... ............----- N. a N. a. N.a 896 | 1, 670 1, 534 
Wee PAMOONS Soo kn eee eu ens 112 83 5 3 6 N. a. 

1951 1952 1953 | 1954 1955 
} 
| 

GE Pirie heidi aec an cccsnubuuses 298 307 634 | 385 374 
po OS Sa 55 43 70 68 309 
Belgium-Luxembourg-..-..-------------- 324 121 | 169 319 | 316 
RN I eee one 825 620 969 770 | 1, 417 
IEEE ene 6 PS a = Fe A wh ay been | ide 3 
pe SGD LSE Se 32 3 90 | 64 906 
pS SS a 1, 971 1, 618 2,113 | 1, 130 2. 855 
la 2 Mae ee ee N. a. hie 237 133 N. a. 
Ne Oe eee N. a. N. a. 11 31 34 
Ne Sn wpe man sa eddenns= N. a. N. a. 1 N.a N. a. 
EE SE ERED So cone camncacccsuww 752 1, 024 1, 008 684 1, 404 
RN i a ncnwas dances sen 4 17 20 N. a N. a. 


1 Includes scrap. 
2 Cadmium content of flue dust. 
3 Cadmium content of concentrates exported for treatment. 


TaBLE 20.—United Kingdom imports of cad- 
mium, by countries, 1941-55 


(Thousand pounds) 
{(Minerais et métaux, Société regis Paris, France, Statistiques, 


1950 and 1956 
Aus- | Belgium- United 
Year tralia Luxem- | Canada | States Other Total 
bourg 
1941___. ee ate ar, FR Nee Se 1. 194 
1942. ___ WO lose owcesce 817 loc eect ee cuaete 996 
1943_ ___ 120) tesawacoces 0) ee eae |e ee 319 
1944. ___ 5 i) es B20 i cans Note soee 453 
1945____ 453 j2555-~6i02 SOO esceeccacx 2 839 
1946____ r+ 1 ae ees 408 | ac eetoe ec 2 835 
1947. __- yh ee 501 5 781 
1948 ___ > a ea eh 585 115 12 1, 042 
1949. ___ j |. =, oe ee 429 7 27 686 
1950__- 380 207 381 99 1 22 1, 089 
1951__.. 316 304 755 110 27 1, 492 
1952_ _ 301 125 583 SO2 lsctes2e52: 1, 391 
1953... 285 296 | ae 1 940 
1954. _ 423 198 601 Ce Dl 1, 636 
1955___- 377 130 SBI “<“804 lo2ec-.o2se 1, 922 


1 Japan. 
2 Sweden, 5,000 pounds; Japan, 2,000 pounds. 


citized by (SOO gle 


imports of metal, principally from Canada and 
Australia. 

Belgium is an important producer of refined 
metal and since 1949 has been the leading ex- 
porter of cadmium. Shipments principally are 
destined to European countries and the United 
States. During the 5 years 1949-53 the United 
States received nearly 2 million pounds from 
Belgium. In 1949-51 Belgium exported about 
900,000 pounds of cadmium to the U.S. S. R. 

Other more important cadmium producers 
and consumers in Western Europe include 
France, Germany, the Netherlands, and Sweden, 
which are leading importers, and Norway and 
Italy, which are relatively important exporters. 
Tables 18 to 23 give some indication of the scope 
of foreign trade in cadmium. 
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TABLE 21.—Cadmium imports of France, by countries, 1941-56 


(Thousand pounds) 
{Minérais et métaux, Société anonyme, Paris, France, Statistiques, 1950 and 1956.] 


Aus- BAe 


Ger- United | United 
Year tralia | Luxem- | Canada | many Italy | Norway| King- States Other Total 
bourg | dom 

a es eo: ene One ee (a eRe RY [ra ero | Creer ne eer Leer 
POAT a eo ee oe Se | Shean eat eee terete Ay (al NS TLR (COSTER CRIERYY (La TSS RTS AE | OPE TITS EAT CUO MENTS Tay 27 
ana ts hese el Sa tn tS Benes geteas Salt Weed te: 5 | 0 ee eee ee ee (Ne EL Ce aN (TED EDM rns weer eer 56 
TOR oe ree Net ace et here i a We re Ls eee lt Mle gh Se SN tate Ge OY oN Lathe cs pal ntact eh! 31 
i Et 2: > RRO Rare Mem ee ST (MERI Soni RDN Oe POS ca een, | (Ree ROSY PEA UC, (7 a Ror EE TCOT et fetes Sent Oe Ree nR seed ORE RP UEL, cage ee meaty er OY MOUSE pea tT=Lo (iy BENIN ee 
LOA 0 Soe eel ae elas us cD een Re mL ee) ix aan SON oe (Ronee Meee rae Cor rhe Ore set Ree ee ePtron noe a5 eatcecse 49 
1946_____-_____- 22 108 OF Wes tied Oe oases 151 10: ecco 475 
VOAT ote et ee 22 | 97 DE Visite 32 DO 4 Seker dees 62 112 315 
1948 Ao lhlre eee oe Ee SP ew oe ta 55 30 ie cratei Ss 59 Yate scat Sari ees I eaNieaafct HOS SS ool 203 2 9 352 
VOA9. buco ate 70 | 98 5 Pc (oa ets) (ed ere 66 | Se Picea 198 |_.._.__- 484 
1950 2c owe 41 lo2 POE 8 sets i eee CU ee eee 120 35 372 
1951_._.______.- 14 251 2) ip eee 11 154 | pereten 169 |__..___- 620 
105 7 eet es eee aie 40 ZS. looses se eer ae ee aie, Oe 134 | gu ceeue 200 
1953223 5655-552 71 TA, teed oe SN = tee so 14 34 | 4 10 4 22 226 
1954255 60205 ce 16 1c Se | eee 2 BS Nn cots Se dance dian re oe ide alt es § 4] 367 
1955: .c2ceeerss ce 4 i Fete op 25 46 22 9 11 $4 * 663 

| 


1 French Equatorial Africa, 10,000 pounds; Switzerland, 2,000 pounds. 
2 French Equatorial Africa, 400 pounds; Japan, 8,200 pounds. 
3 Belgian Congo, 4,400 pounds; Switzerland, 900 pounds. 


TABLE 22.—Cadmium erports of Canada, by 
countries, 1949-66 ' 
(Thousand pounds) 


{Bureau of Mines, Division of Foreign Activities] 


1949 | 1950 | 1951 | 1952 | 1983 1954 | 1955 


eee 


Belgium. ....-----.----.- Pe i eV or UMA a eaters hid oo BR a | 22 
Bray iP ee xsee teehee oul eae K 23 eer (enter Gye de ee 
France._.._.---.-------.--- 35 20 2 Y Cok aS (A [eee DMO en, ancer err 
Germany. __..2-------2 2d 2. foe. Th betel ett oe 34 
Netherlands....-2-.----. 15 We bse ores, cle ee SOS es 45 78 
Sweden... ....2--.--.--.- 49 | 38 22) ic ween eee Perea ene reraeene? 
Switzerland..._._.--___-- 2 2 SG ilsocsa lose clase ele - 
United Kingdom. .-._- 442! 367 745 594 358 | 561 609 
United States........- 65 | 252 5 15 611 1H3 674 
Chiles..acece sick bat ete ten ee (ee ee Vol eekns 
Total.............. 634 | 676 825 620 | w69 | 770 | 1,417 


1 Less than 1,000 pounds to India 1952 and 1955; Mexico, 1951; New 
Zealand, 1049, 1951, 1953. 
2 Less than 1,000 pounds. 


4 Belgian Congo. 
: Belgian Congo, 15,200 pounds; Japan, 25,300 pounds. 
Peru. 


TaBLe 23.—Cadmium exports of Belgium- 
Lurembourg, by countries, 1949-56 


(Thousand pounds) 
{ Minerais et métaux, Société anonyme, Statistique, 1950 and 1956) 


Destination 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 
Denmark... ..-2-----.---].. 22 -|.-22 tele. 4j_- 47 30 
France . ...2...22 2-2 lee ]43 73 79 20 55 134 129 
Germany. loo... ae 79 134 18 7 9 22 1v 
Netherlands. ..2.2.22-2-- 66 84 40 11 22 7 9a 
Sweden 00 1.0.22... 49 71 bY id eee eee : 4 5 
Switzerland o.0 2022202. -].02.--].----. 18 11 11 11 9 
United Kingdom —._.. . 4H Jil.... 583 13 22 22 14 
| a ie af ee es 470) 392 PO [fccak (| teed: OE Bee Sees re 
United States. ..000.002-. 4\ 97 4x 55 So es ll 
Others...2.2..22.-...-. Tt 152 | | Ev an eee 1 Se eee ees 

Total.............. 999 p uo3 | 324} 121] 167] 319] 316 


STRUCTURE OF UNITED STATES CADMIUM INDUSTRY 


The cadmium industry of the United States 
is composed of four segments—primary pro- 
ducers, secondary producers, distributors, and 
consumers. QOn the production side, primary 
producers are of preponderant importance, ac- 
counting for more than 95 percent of total 
annual output. 


PRIMARY PRODUCERS 


Primary cadmium production is closely re- 
lated to and depends largely upon activities 
in the zinc industry and (to a much smaller 
extent) the lead and copper industries. Cad- 
mium is recovered almost exclusively from zinc 
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operations as a highly valuable byproduct. 
The relationship is such that cadmium produc- 
tion constitutes an integral part of the zinc 
industry. The cadmium operations of the zinc 
industry, however, are not comparable in value 
to zinc operations; recovery of cadmium is not 
on a coproduct basis and therefore, from an 
overall standpoint of the zinc industry, has 
secondary importance. This is not meant to 
infer that the cadmium industry is unimpor- 
tant but merely to emphasize its relation to the 
zinc industry. 

The primary producers of cadmium are, 
without exception, leading zine producers. In 
1955, 11 companies produced primary metallic 
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cadmium at 13 plants in the United States. 
The largest producer is the American Smelt- 
ing & Refining Co. Other large producers 
include the American Zinc Co. of Illinois, The 
Anaconda Company, Blackwell Zinc Co., Na- 
tional Zine Co., Inc., The Bunker Hill Co., St. 
Joseph Lead Co., and Eagle-Picher Co. 

Of the 13 cadmium-recovery units active, 9 
are operated in conjunction with zinc plants, 
2 small units are located at lead smelters and 
refineries, and 1 small plant treats residues 
from a zinc-pigments plant. These plants 
treat both domestic and foreign ores and con- 
centrates; hence, the byproduct cadmium is of 
mixed origin. Only one plant—the American 
Smelting & Refining Co. unit at Denver 
(Globe), Colo.—is operated chiefly to recover 
cadmium. This plant (the largest in the 
world) works chiefly on cadmium flue dust 
from company operations in Mexico. Table 
24 lists the primary domestic producers, plants, 
and ariatial Gated capacity. 


TaBLE 24.—Primary metallic cadmium produc- 
tion capacity in the United States in 1956 


Annual 
Company Location of plant capacity, 
thousand 
pounds ! 
American Smelting & Refining repent Ol 2 2) hn S220. (2) 
So ete tenet Merete at bee airy rmtee Corpus Christi, Tex......... (2) 
American Zinc Co. of Illinois. . Retort oe Ill. (East 1, 250 
t. Louis). 
The Anaconda Company.....- Great Falls, Mont ._....... 2. 000 
Blackwell Zine Co....--.----- Blackwell, Okla......-.._._. (3) 
National Zinc Co., Inc. ...-_-.-- Bartlesville, Okla_......_... 720 
The Bunker Hill Go._._._.--- Kellogg, Idaho.............. 600 
Eagle-Picher Co.......-.------ Henryetta, Okla....-...._.. 400 
New Jersey Zine Co._....-.--- Depue, IlJ_..--._. _.._...--. 250 
United States Steel Corp. | Donora, Pa......-.......... (2) 
Bs asia Steel & Wire 
v. e 
Herculaneum, Mo......__.- 300 
St. Joseph Lead Co..........- Josephtown, Pa.......___- 2: 300 
Sherwin Williams Co. .._..--. Coffeyville, Kans.......-_.. (2) 
PR OURD oc 4 oe ete Fe See a ee 412, 000 


! Largely estimated; rated capacity is flexible, depending to a great 
extent on the quantity and grade of raw materials available. 

3 Concealed to avoid disclosure of individual plant capacity. 

3 Not available. 

4 Approximate. 


Several zinc- and lead-producing plants that 
do not produce refined cadmium have facilities 
for collecting cadmium fume, dust, sponge, or 
residues. These companies either sell the 
cadmium-containing material to the cadmium 
yroducers, have it treated for them on a toll 
bieis or transfer it to other se ae 
plants that produce cadmium metal. They in- 
clude the American Zinc Co. of Illinois, Mon- 
santo, Ill., and Dumas, Tex.; Matthiessen & 
Hegeler Zinc Co., LaSalle, Il].; American 
Smelting & Refining Co., Amarillo, Tex., and 
Alton, Ill.; Athletic Mining & Smelting Co. and 
the Residue Co., both at Fort Smith, Ark.; New 
Jersey Zinc Co., Canon City, Colo., and Palmer- 
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s 
ton, Pa.; International Smelting & Refining 
Co., Tooele, Utah; and the United States Smelt- 
ing, Retining & Mining Co., Midvale, Utah. 
Custom smelters as a rule do not pay shippers 
of zine and/or lead ores and concentrates for 
contained cadmium values. However, during 
periods of competitive bidding for zinc concen- 
trates, smelters have occasionally paid for 
cadmium values. Only a few companies have 
cadmium toll agreements with a smelter. 

Two companies—the American Smelting & 
Refining Co. and Harshaw Chemical Co.—pro- 
duce relatively small quantities of cadmium 
compounds from primary raw materials at their 
Denver (Colo.) and Elyria (Ohio) plants, re- 
spectively. Being of primary origin, such pro- 
duction is an addition to the new supply. 


SECONDARY PRODUCERS 


Recovery of cadmium metal and compounds 
from scrap materials constitutes a compara- 
tively minor segment of the cadmium industry. 
Several companies produce the metal and com- 
pounds, principally from old bearings and other 
alloys and secondary residues, respectively. Re- 
covery of the metal and production of com- 
pounds (not produced from secondary metal) 
are an addition to the total supply of cadmium. 
Following is a list of producers and plants: 


Arkansas Metals Jonesboro, Ark... Secondary 
Co. metal. 

ae denel Zine Co., Bartlesville, Okla- Do. 
ne. 

Neo-Smelting & Re- Whitestone, N.Y. Do. 
fining Ine. 

United Smelting & Chieago, HI___--- Do. 

¢ Refining Corp. 

Harshaw Chemical Elyria, Ohio. ___- Secondary 
Co. compounds. 

Chemicals-Pig- Baltimore, Md__- Do. 


ments- Metals, 

Division of Glid- 

den Co. 

The Arkansas Metals Co. and Neo-Smelting 
& Refining, Inc., also perform the function of 
distributors, buying domestic cadmium and im- 
porting foreign metal for remelting, purifying, 
and casting into special shapes that usually 
command a premium price on the market. 


DISTRIBUTORS 


Ordinarily primary cadmium producers ac- 
count for two-thirds of the sales to consumers; 
most of them sell the metal themselves. How- 
ever, the St. Joseph Lead Co. acts as sales agent 
for the Bunker Hill Co. in territory east of the 
95th meridian. 

The distributors buy the metal at reduced 
prices from the primary producers and sell to 
consumers. About one-third of the sales to con- 
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sumers is made by distributors. Cadmium dis- 
tributors in the United States are composed of 
two groups: (1) The companies that, for the 
most part, produce plating salts, supply special 
platers’ shapes of cadmium as well as regular 
grades, and provide technical service for their 
customers who are chiefly electroplaters; and 
(2) buyers of domestic and imported cadmium 
for resale. In the first group the most im- 
portant dealer is the Udylite Corp., Detroit, 
Mich. Following 1s a list of the companies in 
the first group engaged in distributing cadmium 
In 1952: 

Wile (Ons cee os tet oc boas Detroit. Mich. 


E. I. du Pont de Nemours & Co. Wilmington, Del. 
‘Metnods Div.). 


Lea Manufacturing Co...__....... Waterbury, Conn. 
Hanson-Van Winkle-Munning Co. Matawan, N. J. 
MeGean Chemical Co_...------- Cleveland, Ohio. 
MacDermid, Ine__..-.----_-_-__-- Do. 


Distributors in the second group in 1952 
included the following: 


Associated Metals & Minerals 
Corp. 

alex Cos ING const ee eee Do. 

Belmont Smelting & Refining Brooklyn, N. Y. 
Works, Ince. 

Bandeix Goldschmidt & Co., Inc_. New York, N. Y. 

Cambridge Street Metal Co., Inc. Boston, Mass. 


New York, N. Y. 


Cosmo Metal Alloys, Corp_.._--- New York, N. Y. 
Industrial Sales Corp_.....------ Do. 
Interocean Chemical & Minerals Do. 
Corp. 

Mercantile Metal & Ore Corp_-_-- Do. 

Miles Metal Corp_..--...------- Do. 
Northwest Lead Co__...-------.- Seattle, Wash. 
Overseas Metal & Ore Corp__.--- New York, N. Y. 


Metal Statistics, published by the American 
Metal Market, 18 Cliff St., New York 38, N. Y., 
and Thomas’ Register of American Manu fac; 
turers, published by the Thomas Publishing 
Co., New York 1, N. Y. list other sellers of 
cadmium. 


CONSUMERS 


There are thousands of consumers of cad- 
mium In the United States, most of whom use 


relatively small quantities of the metal. The 
largest group of consumers is composed of com- 
panies that use the metal for electroplating va- 
rious manufactured products. Bearing manu- 
facturers, pigment producers, and solder makers 
are the ae principal consuming industries. 
Three companies—the Chemicals-Pigments- 
Metals Division of the Glidden Co., Baltimore, 
Md.: Harshaw Chemical Co., Elyria, Ohio: 
and Kentucky Color & Chemical Co., Louis- 
ville, Ky.—consumed the bulk of the metallic 
cadmium used in pigment making. In the other 
major consuming groups, particularly electro- 
plating, there 1s no apparent concentration of 
consumption among a few companies; there 
are numerous consumers that use quantities 
ranging from less than 100 pounds to 100,000 
poundsa vear. 

In 1952 a partial survey of cadmium con- 
sumers disclosed that approximately 125 com- 
panies used about 3.5 mllion pounds of cadmi- 
um, or slightly less than 40 percent of the total 
consumption during the year. AJ] companies 
used 5,000 or more pounds during the year, and 
19 of them used over 30,000 pounds each and 
consumed about 2.2 million pounds of cadmium 
inall. This study was by no means complete as 
the names of customers of several producers 
and many distributors were not available. 

The Federal Government purchased lar 
quantities of cadmium for the national stock. 
bee in 1948-52 and was by far the principal 
nuyver of the metal during those years. Buy- 
ing for the minimum stockpile requirement was 
completed in 1955. 

The major consuming centers of cadmium 
in the United States are the highly industralized 
areas In the Northeastern and East North Cen- 
tral States. In particular, the Chicago, Detroit, 
Cleveland, Baltimore, and Waterbury (Conn.) 
areas are leading consuming regions. Other 
outstanding consuming centers include Mil- 
waukee, Los Angeles, Pittsburgh, Philadel- 
phia-Camden, New York-Newark, St. Louis, 
Toledo, Buffalo, Worcester, and Providence. 


FOREIGN INDUSTRY OPERATIONS 


The composition of the cadmium industry 
in foreign countries is similar to the makeup of 
the industry in the United States; it consists 
of primary producers, secondary producers, 
distributors, and consumers. The primary pro- 
ducers are, for the most part, the leading pro- 
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ducers of zinc and, to a smaller extent, lead. 
There are plants at zinc smelters, electrolytic 
zinc plants, and lead smelters. Producers sell 
their cadmium either directly to consumers or 
to metal dealers. A list of the principal foreign 
producers follows: 


FOREIGN INDUSTRY OPERATIONS 
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TABLE 25.—Principal foreign producers of cadmium ! 
[Principally from Minérais et métaux, Société anonyme, Paris, France, Statistiques, 1953, July 1954, p. 98] ! 


Country: Company 
Australia___........- Electrolytic Zinc Co. of Australasia, Ltd........-- 
Broken Hill Associated Smelters Pty., Ltd_.._.__.._- 
Belgium_._.-------- S. A. Métallurgique de Prayon_____....--.-.----- 


8. A. des Mines et Fonderies de Zinc de la Vieille- 
Montagne. 

Cie des Métaux d’Overpelt-Lommel & de Corphalie.- 

Sté Générale Industrielle & Chimique du Katanga 
‘“‘Sopechim” (Union Miniére de Haut Katanga). 


Canada_____.-.----- Hudson Bay Mining & Smelting Co., Ltd__.-...__.- 
Consolidated Mining & Smelting Co. of Canada, I.td_ 
France....-.-------- S. A. des Mines et Fonderies de Zinc de la Vieille- 
Montagne. 
Germany, West.-_--.- ‘Berzelius’” Metallhiitten G. m. b. H.._.-.....--- 
Unterharzer Berg-und Hiittenwerk G. m. b. H___-_- 
‘“‘Sachtleben” A. G. fiir Bergbau und chemische In- 
dustrie. 
Maly soc ss occu ss Sta Mineraria e Metallurgica di Pertusola.—_._----- 
Sta di Monteponi___._.....--------------------- 
Sta Montevecchio Italiana del Piombo e dello Zinco-. 
JaNEN2 2 swe Sewccsce Mitsubishi Metal Mining Co., Ltd____.-----.------ 
Mitsui Mining & Smelting Co., Ltd__.._-.-_-..--- 
Nippon Soda Co., Ltd_.._.-.------------------- 
‘boho: Zine Co:, Ltd... 2 oes Lecce eceee cece 
Mexico__......----- American Smelting & Refining Co_.....-...-.--. 
American Metal Co., Ltd.?_.__...----.----------- 
POPs 2 soe eee Cerro de Pasco Copper Corp___..---------------- 
Norway-_-_--.-------- Det Norske Zinkkompani A/S.._.....----.------- 
SPaINS ec eet eos Cie Royale Asturienne des Mines___...-.--------- 


nited Kingdom-.-_-_-- 


1 Excludes Poland and U. 8.8. R 


Imperial Smelting Corp. Ltd..._._--------------- 


2 Production is cadmium flue dust which fs shipped to the United States for recovery of metal. 


Location of plant 
Risdon (Tasmania). 
Port Pirie (South Australia). 
Pravon-les-Trooz. 
Balen Wezel. 


Overpelt. 
Jadotville. 


Flin Flon (Manitoba). 
Trail (British Columbia). 
Viviez (Aveyron). 


Duisberg-Wanheim/Rhein. 
Harlingerode/Harz. 
Hamburg/Niederrhein. 


Vrotone (Calabria). 

ee (Sardinia). 

Porto Marghera (Venice). 

Hosokura (Miyagi). 

ect iaie (Kagawa Shikoku 

Hikoshima (Yamaguchi). 

Kamioka (Gifu). 

Miike (Fukuoka Kyusbu I.). 

Aizu (Fukushima). 

Annaka (Gumma). 

San Luis Potosi 
Potosi). 

Rosita (Coahuila). 

Chihuahua (Chihuahua). 

Monterrey (Nuevo Leon). 

Torreon (Coahuila). 


Oroya. 
Eitrhein (Odda). 


rnao. 
Avonmouth (Bristol). 


(San Luis 


Some of the leading foreign distributors of 
cadmium as listed in Metal Statisties_1953, 
published by the American Metal Market, 18 
Cliff St., New York 38, N. Y., are shown 
below: 
Bass, de Conick & Co., 8. A- ore Belgium. 

O 


Emile Janssens.-.-------- : 
W. W. Wiedmann & Co... Antwerp, Belgium. 


Henry Gardner & Co., Ltd. London, E. C. 3, England. 


The British Metal Corp... London, England. 
N. V. Womet...--------- Amsterdam-C, Nether- 
lands. 
Société anonyme des mé- Lausanne, Switzerland. 
taux et minérais. 


Mitsubishi Metal Mining Tokyo, Japan. 
Co., Ltd. 

Mitsui Mining & Smelting Do. 
Co., Ltd. 

The Muromachi' Bussan Do. 


Kaisha, Ltd. 


Information is not available on producers of 
secondary cadmium in foreign countries. Con- 
sumers are, as in the United States, numerous 
and, except for battery manufacturers, use cad- 
mium for the same purposes as do United 
States concerns. Industrialized centers are the 
principal consuming: areas. 


GOVERNMENT CONTROLS 


The Government regulated the cadmium in- 
dustry during World War II and again in 
1951-52, in order to provide adequate supplies 
for all essential purposes. Cadmium was on 
the critical metals list throughout the entire 
war period and under Public Law 520, 79th 
Congress, 1946, was classified as a strategic 
and critical material for stockpiling. 
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WORLD WAR II 


The maintenance of cadmium production in 
the United States and direction of available 
supplies into war channels were undertaken by 
the Cadmium Section, Office of Production 
Management (OPM) in 1941. During the sec- 
ond half of 1941 producers freely marketed 
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cadmium, although OPM watched deliveries 
and handled individually the bad situations 
that developed. Cadmium was placed under 
full priority control by OPM Order M-65 on 
January 1%, 1942. he companion Order 
M-—65-a, issued at the same time, prohibited the 
use of cadmium in automotive, trailer, and trac- 
tor equipment, building supplies and hardware, 
house furnishings and equipment, and a number 
of miscellaneous products. Order M-65 was 
modified by an amendment, effective June 24, 
1942, that enabled the War Production Board 
(WPB) to allocate all cadmium for absolutely 
essential purposes. OPM Order M-63 (De- 
cember 28, 1941) provided for the control of 
cadmium imports but was revoked by Amend- 
ment 3(effective March 14, 1942), because such 
a were controlled by other means. 
rice controls were instituted early in 1942 
because of the tight supply position in 1941 
and the imminent possibility of shortages. Dur- 
ing the last three quarters of 1941 primary 
producers of cadmium had indicated their will- 
ingness to continue to sell the metal to con- 
sumers at prices not above 9(} cents a pound for 
sticks and 95 cents for anodes and to sell to 
distributors at discounts permitting resales at 
the same prices. Compliance with this agree- 
ment, which was adhered to by primary produc- 
ers but not by certain secondary producers, was 
made mandatory by Office of Price Adminis- 
tration (OPA) Price Schedule 71, effective 
January 19, 1942. The order was amended, ef- 
fective June 22, 1942, to permit the sale of 
metallic cadmium in small containers (5 pounds 
or less) at October 1941 price levels. The OPA 
fixed ceiling prices on partly used anodes at 
94 cents a pound, cadmium oxide at 95 cents a 
pound, and cadmium scrap at 35 cents per 
ey of contained cadmiun, effective Octo- 
er 21, 1942 (Order 6, Maximum Price Regu- 
lation 204), The maximum prices were f. o. b. 
plant of the Udylite Corp., Detroit, Mich., 
which was appointed by the Government-owned 
Metals Reserve Company, a subsidiary of the 
Reconstruction Finance Corporation, as its 
agent to assist in the cadmium stockpiling pro- 
gram and in the redistribution of idle or frozen 
materials. Price ceilings remained in effect 
until July 1946. 

Cadmium was one of the few nonferrous met- 
als to remain in a critical position in 1948. In 
the latter half of 1943 there was a significant 
increase In the consumption of cadmium for 
bearings and chemicals and a decided decrease 
in cadmium consumption for electroplating, 
solders, and alloys. On July 26, 1943, the WPE 
issued Conservation Order M-65-a, as amended, 
to prohibit the use of cadmium in pigments, 
except for specific purposes, most of which were 
military. 
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Cadmium continued to be among the most 
critical materials throughout 1944, and close 
control was maintained by the WPB through 
General Preference Order M-65. Although 
both production and imports were greater than 
in 1943, increased military requirements and 
larger exports caused a net decline in stocks. 
The stepped-up rocket. program, plus the con- 
tinued need for cadmium in tank and aircraft 
parts, precluded any increase in civilian supply. 

Cessation of hostilities in 1945 brought little 
relief to cadmium consumers. Distribution of 
the metal was dominated by military demand 
for the first half of the year; but rapid recon- 
version to peacetime uses, particularly plating 
and the production of pigments, called for the 
metal in quantities greater than the production 
rate. To help meet this demand, nearly 300,000 
pounds of cadmium was released from the 
Government stockpile to industry. The Gov- 
ernment maintained a stockpile of cadmium 
from 1941 through 1947 for such emergency 
use. In 1948 all remaining stocks were trans- 
ferred to the national strategic stockpile as the 

rovernment began purchasing cadmium for 
this reserve. 

The WPB and its successor, the Civilian 
Production Administration (CPA), main- 
tained control of cadmium consumption until 
August 20, 1945, when General Preference 
Order M-—65 was revoked ; however, inventories 
were limited to 45 days’ requirements or a mini- 
mum working inventory, whichever was 
smaller, by Priorities Regulation 32 initiated 
August 28, 1945. 

Cadmium continued under Government con- 
trol during part of 1946. Ags a result of ex- 
panding consumer demand, limited supply, and 
a sharp reduction of Government stocks, the 
CPA on February 1 reinstated control on the 
consumption of cadmium through provisions 
of Conservation Order M-389. Order M-389 
limited the manufacturers’ use of cadmium 
metal to 90 percent of their consumption in 
1941. The limitation on inventories was 
tightened on February 1, 1946, to 30 days’ sup- 
py by an amendment to table 1 of Priorities 
tegulation 32. Continued shortage of cadmium 
necessitated establishment of a list of essential 
consumers, and on March 22 the CPA revoked 
Order M-389 and simultaneously established a 
specific list of products on which ratings were 
to be issued for procurement of the metal. 
Facing a sharp reduction in output of metal be- 
cause of strikes at zinc smelters producing by- 
product cadmium, the CPA on May 3 ceased to 
make further allocations from the Government 
stockpile, except for emergency use. No addi- 
tional regulations were issued until July 26, 
1946, when all Government controls on cadmi- 
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um were terminated with removal of cadmium 
from price control. 


1951-52 


Following the outbreak of war in Korea in 
1950 it appeared that United States supplies 
of cadmium would be inadequate to meet the 
demand for both defense and civilian purposes. 
Hence, on January 1, 1951, the National Pro- 
duction Authority, “in order to insure adequate 
supplies of cadmium for military uses and es- 
sential civilian products for which there is no 
satisfactory substitute,’ imposed inventory 
controls on cadmium and limited the purposes 
for which cadmium, cadmium-containing items, 


CONTROLS 4] 
and cadmium-plated items could be produced. 
Cadmium Conservation Order M-19 was 


amended on March 16, April 26, and July 30, 
1951, and again on March 13, 1952, relaxing re- 
strictions on the use of cadmium to permit its 
increased use in a wide range of military and 
civilian products. Order M-19 was amended 
because inventories of the metal had been ac- 
cumulating mm the hands of producers pending 
placement of a larger volume of defense orders. 
The cadmium order was revoked May 15, 1952, 
partly because military orders were not as large 
as had been anticipated and partly because of 
the greatly increased availability of the metal 
from record imports. 
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